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ABDOMINOPELVIC SYMPATHECTOMY FOR RELIEF OF 
PAIN OF CANCER OF THE CERVIX 


A. de SOUSA PEREIRA, M.D. 
OPORTO, PORTUGAL 























\YEVERAL physicians have tried to relieve the pain of cancer of the 
S uterus by surgical intervention on the sympathetic system. It 
is to be noted that Jaboulay * in 1899 had attempted to relieve pelvic pain 
by interrupting the afferent pathways in the sacral sympathetic chains. 
Nuggi? in the same year advised resection of the utero-ovarian plexus. 
ese procedures were not immediately followed by other surgeons. 

Later, in 1921, Leriche * introduced periarterial sympathectomy of 
e hypogastric arteries, and Cotte* in 1925 showed that pelvic pain 
iy be relieved by interruption of the hypogastric plexus. In the same 


~ 


ar Leriche® suggested periaortic and peri-iliac sympathectomy for 
elief of pain due to inoperable neoplasms in the pelvis. It was espe- 
ally after the investigations of these authors that abdominopelvic 
mpathectomy was performed with the purpose of relieving the pain 
of patients with inoperable cancer of the uterus. 

In 1932 Fontaine and Herrmann ® published the results obtained 
with sympathectomies in the treatment of pain of carcinoma of the 
rvix uteri in 6 patients operated on by Leriche. The first patient had 


s 




















1. Jaboulay, M.: Le traitement de la nevralgie pelvienne par la paralysie 
du sympathique sacré, Lyon méd. 90:102, 1899. 
2. Ruggi, G.: Della simpatectomia al collo ed all’adome, Policlinico 6:193, 1899. 

3. Leriche, R.: Essai de traitement du kraurosis vulvae par la sympathec- 
témie de l’artére hypogastrique, Bull. et mém. Soc. de chir. de Paris 47:1150, 
1921; Resultats de la sympathectomie faite sur les artéres hypogastriques et 
ovariennes en gynécologie, Presse méd. 33:465, 1925. 

4. Cotte, G.: La sympathectomie hypogastrique a-t-elle sa place dans la 
therapeutic gynécologique? Presse méd. 33:98, 1925. Cotte, G., and de Chaume, 
M.: Technique et indications opératoires des interventions sur le sympathique 
pelvien (sympathettomie periarterielle hypogastrique; section du nerf presacré) 
en gynécologie, J. de chir. 25:653, 1925. 

5. Leriche, R.: Sédation a l'aide de la sympathectomie périaortique et peri- 
iliaque des douleurs provoquées par les cancers abdominaux inopérables, Lyon 
chir. 22:701, 1925. 

6. Fontaine, R., and Herrmann, L. G.: Clinical and Experimental Basis for 
Surgery of the Pelvic Sympathetic Nerves in Gynecology, Surg., Gynec. & Obst. 
54:133, 1932. 
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intractable pain in the pelvis and right leg, associated with an inoperable 
carcinoma. The hypogastric plexus was resected, and periarterial sym- 
pathectomy was done on both the common iliac arteries. The pain 
was greatly relieved by this operation; the patient complained only of 
an occasional dull pain in the pelvis. She gradually became worse and 
died nineteen days after operation. 

The second patient with cancer of the cervix uteri had a pronounced 
burning sensation in the pelvis, associated with cramplike pain that 
radiated to both thighs. Extensive resection of the hypogastric plexus 
was done; the lower lumbar and the upper sacral sympathetic chains 
were removed, and complete periarterial sympathectomy of the internal 
iliac arteries was carried out. After the operation the pain disappeared 
completely ; slight tenesmus of the vesical and rectal sphincters remained 
She was completely relieved of pain until her death eight months later. 

The third patient complained of severe pain in her right leg, asso 
ciated with great edema of that member. A _ limited resection oi 
the hypogastric plexus was done; this operation had no influence on 
the edema and did not relieve the pain in the thigh. 

The fourth patient with inoperable cancer of the cervix uteri had 
sharp, severe pain in the pelvis radiating down both thighs. The 
hypogastric plexus was resected, and both lumbar sympathetic chains 
were sectioned at the level of the fifth lumbar sympathetic ganglion. 


After the operation, the pain in the thighs and pelvis disappeared 
completely. The later course of this case was not known. 


In the fifth patient, there was excruciating pain in both thighs and 
in the left leg; some time later, phlebitis of the left leg developed and 
severe pain began in that leg. The preaortic plexus was removed, the 
inferior mesenteric nerve was sectioned at the level of the fourth lumbar 
vertebra, the left lumbar sympathetic chain was resected for about 1 inch 
(2.5 cm.) and the right fourth lumbar sympathetic ganglion was resected. 
This operation entirely relieved the patient of all her symptoms. Until 
her death six months later, she did not complain of pain or discomfort. 

Finally, the sixth patient complained of constant pain in the 
pelvis, with lancinating pain radiating down the anterior surface of 
the right thigh. The preaortic and the hypogastric plexus were resected. 
The right lumbar sympathetic chain was sectioned just above the level 
of the fourth lumbar sympathetic ganglion. After this operation the 
patient was completely relieved of all pelvic pain and for five months 
remained without pain. 

Leriche * has added to the iliac and aortic periarterial sympathec- 
tomies for the treatment of pain in cancer of the uterus, resection of 


7. Leriche, R.: Surgery of Pain, translated by A. Young, London, Bailliére, 
Tindall & Cox, 1939, p. 459. 
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the presacral, sometimes also of the inferior mesenteric plexus and 
often of a portion of the two lumbar ganglionic chains. Leriche and 
Fontaine have operated in this way on 9 patients with inoperable cancer 
of the uterus. Six of these patients were followed for two to eight 
months. They were relieved completely from their pain, and they died 
without having recurrence of pain. 

In 10 patients with intractable pain from carcinoma of the cervix 
uteri, Greenhill® in 1933 obtained complete relief from pain in all 
cases by sympathectomy. In the same year Wetherell® reported that 
2 patients were relieved of pain by the same procedure. 

In 1935 Atlee *® performed presacral sympathectomy for pelvic pain 

3 cases of carcinoma of the cervix uteri. In 1 case the patient 
iad severe pain in the left side of the abdomen and down the left leg, 
vith sacralgia. This patient seemed to have relief following the opera- 
tion, but after she returned home the pain became as severe as ever. 

he second patient had severe pain in the left side and back following 
treatment with radium, with evidence of extension in the left obturator 
egion. This patient estimated that she had obtained about 60 per 
ent relief. The third patient had severe pain in both iliac regions 
id in the back following radium treatment, with evidence of extension 
the growth along both sacroiliac ligaments. After sympathectomy, 
he abdominal pain was relieved but considerable rectal pain persisted. 

Fulcher ** in 1938 performed presacral sympathectomy on a patient 
uffering with pelvic pain following radium treatment and on 1 suffering 
vith inoperable carcinoma of the cervix and body of the uterus, with 
omplete relief of pain in each. instance. 

In the same year (1938) Cutler,’ analyzing the surgical treatment 
of pain, stated that removal of the presacral nerve and associated fibers, 
vith or without periarterial sympathectomy of the iliac arteries, had 
been carried out in an attempt to relieve the pain of inoperable cancer 
and chronic painful infection in the pelvic viscera. He said that this 
operation had been loudly acclaimed by many gynecologists but in his 
hands had not given more than 50 per cent of good results. 

Verbrugghen ** (1940) stated that in intractable pain due to car- 
cinoma confined to the body of the uterus relief may be obtained by 


8. Greenhill, J. P., in discussion on Wetherell,® p. 1299. 

9. Wetherell, F. S.: Relief of Pelvic Pain by Sympathetic Neurectomy: 
Report of Seven~Cases in Which the Superior Hypogastric Plexus (Presacral 
Nerve) Was Resected, J. A. M. A. 101:1295 (Oct. 21) 1933. 

10. Atlee, H. B.: Presacral Sympathectomy for Pelvic Pain, Canad. M. A. J. 
32:54, 1935. 

11. Fulcher, O. H.: Sympathectomy for Control of Pain, M. Ann. District 
Columbia 7:89, 1938. 

12. Cutler, E. C.: The Surgical Treatment of Pain, New England J. Med. 
218:422, 1938. 


(Footnotes continued on next page) 
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presacral sympathectomy. As soon as the carcinoma invades the cervix 
and the supporting fascial ligaments which are supplied by somatic 
nerves, presacral sympathectomy can produce little effect and recourse 
must be had to chordotomy. In 2 cases he had seen relief for about 
six months and nine months follow presacral sympathectomy for pain 
caused by carcinoma of the body of the uterus. 

According to Greenhill ** (1941) the most difficult group of patients 
to relieve of pain are those who suffer from cancer of the pelvic organs. 
He stated that in cases of malignant growths in the pelvis, sympathec- 
tomy will yield almost perfect results if it is restricted to patients who 
have pain in the middle of the lower part of the abdomen, pain low 
in the back, rectal tenesmus, pain in the bladder and pain associated 
with vesicovaginal and rectovaginal fistulas. 











The aforementioned investigations demonstrate the possibility of 
relieving pain in certain cases of cancer of the cervix uteri by sympa- 
thetic operations. However, when abdominopelvic sympathectomy is 
performed at the same time that pain is relieved by interruption of the 
afferent sensory pathways, the efferent fibers are also interrupted and 
vasodilatation is induced at the level of the uterus and of the tumor. 
I have tried in these investigations to ascertain what is the influence on 
the development of the tumor of the disturbance of blood supply caused 
by ligation of both hypogastric arteries followed by abdominopelvic 
sympathectomy. In connection with this problem, Cutler and Buschke ? 
(1938) stated that it is often assumed that the ligation of the lingual or 
the uterine artery diminishes the vitality of a tumor which it supplies and 
that ligation thus makes the tumor more vulnerable to radiation therapy. 
The contrary, however, is true. This relationship also has a most 
important bearing on the value of the postoperative irradiation and, 
in a large measure, may explain the failure of irradiation in sterilizing 
postoperative recurrent disease which arises in a poorly vascularized scar 
tissue. 


















To clarify this problem and to avoid danger of hemorrhage at the 
level of the ulcerated cancer of the cervix following sympathectomy, 
I have ligated the hypogastric arteries whenever abdominopelvic sympa- 
thectomy was performed. I have carried out a series of investigations 
in patients with cancer of the cervix uteri, put at my disposal by Prof. 
F. Gentil. In these patients I performed abdominopelvic sympathec- 
tomy and bilateral ligation of the hypogastric arteries. 













The blood supply 








13. Verbrugghen, A.: 
148, 1940. 
14. Greenhill, J. P.: 
America 25:117, 1941. 
15. Cutler, M., and Buschke, F.: Cancer: Its Diagnosis and Treatment, 
Philadelphia, W. B. Saunders Company, 1938. 


The Treatment of Intractable Pain, Internat. Clin. 2: 





Control of Pain in Cases of Cancer, M. Clin. North 
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of the uterus was only partially diminished by the ligation of the hypo- 
gastric arteries, because a collateral arterial circulation develops. More- 
over, this collateral circulation is increased by the abdominopelvic 
sympathectomy.’® Different types of abdominopelvic sympathectomy 
were performed in order to determine their comparative values in the 
treatment of pain in inoperable cancer of the cervix uteri. I have 
also attempted to determine whether abdominopelvic sympathectomy 
must or must not be followed by adequate physical therapy (radium 
and roentgen rays). 


PAIN IN CANCER OF THE CERVIX UTERI; 
MECHANISM AND PATHWAYS 


Carcinoma of the cervix uteri generally progresses for a long time 
without pain ; however, in a later phase of growth of the neoplasm, when 
the adjacent structures of the pelvis have been involved (Cutler and 
Buschke **), pain may occur and may be the dominant symptom. In 
ertain cases the patient suffers so intensely that special treatment is 

ecessary to relieve the intolerable pain. 

Among the different methods of treatment known today, the relief 
f visceral pain by sympathectomy has been suggested and performed 
n recent years. 

It must be remembered ‘that of the three types of pain (localized 
ind fixed prevertebral pain, spinal pain and diffuse pelvic and abdom- 
nal pain) which may be observed in cases of cancer of the cervix uteri 
Leriche*), only the diffuse pelvic and abdominal pain is related to 
sympathetic innervation and is relieved by sympathectomy. 

In cancer of the cervix uteri, in the beginning the pain localized 
in the pelvis usually does not have a definite distribution. It may 
be a vague painful sensation in the lower part of the abdomen, in the 
lower part of the back or in the perineum, radiating to the thighs on 
one or both sides. It is a visceral pain in the field of the sympathetic 
innervation and is associated with vascular disorders. Later, these 
pains increase in intensity and may become continuous. In this phase 
pain does not permit a moment of relaxation to these’ unhappy patients. 

Extension of the tumor to involve the nerves adjacent to pelvic 
structures leads to pain referred to the lower extremities (Cutler and 

suschke **). During investigations that I have carried out in con- 
nection with treatment of pain in cases of carcinoma of the cervix uteri 
with physiologic interruption of the sympathetic innervation of the 
organs of the pelvis, I have observed two different effects.‘° In some 
cases the anesthetic block of the lumbar sympathetic chain relieved the 
pain only during the period of action of the anesthetic; in other cases 


16. de Sousa Pereira, A.: A Basis for Sympathetic Surgery in Cancer of 
the Cervix Uteri, Arch. Surg., to be published. 





































118 ARCHIVES OF SURGERY 


the pelvic pain was relieved for a longer time. These observations sug- 
gest two different mechanisms in sympathetic pain of carcinoma of the 
cervix uteri. Probably in the first cases an organic and permanent 
stimulation of the sympathetic innervation from invasion of the tumor 
was responsible for the pain. In the latter cases the relief of pain for a 
period exceeding the normal anesthetic action of the procaine hydrochlo- 
ride suggests the participation of another factor, probably vascular. 
Possibly the neoplastic lymphangitis stimulates the perivascular inner- 
vation to provoke vasoconstriction and to induce pain. One can suppose 
that the pain will disappear when the vasoconstriction is relieved by 
interruption of the sympathetic innervation. 

In the mechanism of pain in cancer of the cervix uteri, the direct 
stimulation of the sympathetic innervation by the neoplastic growth 
is accepted. In these cases the hypogastric plexus and its branches are 
the sympathetic nerves principally responsible for pelvic pain. But when 
the perivascular innervation is stimulated by simple or neoplastic lymph 
angitis, then it is principally through the sympathetic innervation ot 
the vessels that the painful sensations are carried. Leriche* suggested 
that in cancer of the uterus pain is dependent on a simple or a neoplastic 
lymphangitis surrounding the arteries of the pelvis, embracing them, 
compressing their walls and passing with them up to the neighborhood 
of the sympathetic branches coming from the lumbar sympathetic chai 
However, personal investigations that I have carried out on the innerva 
tion of the veins ** and lymphatic vessels suggest that stimulation ot 
the innervation of these blood vessels may also induce pain. Thus 
[ believe that in the vascular mechanism of pain in cancer of the uterus 
the innervation of arteries, veins and lymphatic vessels stimulated by th« 
neoplastic lymphangitis or by the neoplastic cells also plays a part. By 
this analysis of the mechanism of pain in cancer of the uterus one 
arrives at the conclusion that the painful sensations originating in the 
pelvic structures invaded by the neoplastic growth may reach the lumbar 
sympathetic chain, the spinal roots and the cord, running along the 
hypogastric plexus or through the innervation of the arteries, veins 
and lymphatic vessels. When the branches of the hypogastric plexus 
and the perivascular innervation are both stimulated by the neoplastic 
growth, then the two pathways are responsible for pain. 

This interpretation of the pathways of pain in cancer of the uterus 
explains the reason why resection of the hypogastric plexus was suc- 
cessful in certain cases (Fulcher** and Leriche) and not successful 
in other cases (Atlee *® and Fontaine and Herrmann®). Probably 
in the cases in which the interruption of the hypogastric plexus was 

17. de Sousa Pereira, A.: The Innervation of the Veins: Its Role in Pain, 
Venospasm and Collateral Circulation, to be published. 
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not followed by complete relief of pelvic pain, the perivascular inner- 
vation was stimulated by lymphangitis or by cells of the neoplastic 
growth which may be responsible for pain. On the other hand, one 
can understand why Lericlfe** obtained relief of pain by periarterial 
sympathectomy, interrupting the afferent perivascular pathways of the 
pelvic vessels. 

These facts suggest that to obtain complete relief of pelvic pain in 
cancer of the cervix uteri it is necessary to interrupt the pathways of 
painful sensations that run along the hypogastric plexus and also the 
afferent pathways that follow the perivascular innervation. 


On the other hand, it is known that the visceral pain from cancer 
of the cervix uteri is relieved only while the neoplastic growth is con- 
tained within the area anesthetized by the surgical interruption of the 
vmpathetic innervation. When the tumor invades the sympathetic 
r the somatic innervation of the structures beyond this area, pain 
eappears. Therefore, to obtain complete relief of pain in cancer of 
1e cervix uteri for a long period during the extension of the tumor 

is necessary to interrupt the pathways that run along the hypogastric 
lexus and the perivascular innervation in a large area and at a high 

vel. This may be obtained by performing in the same operation 
esection of the hypogastric plexus and lower part of the aortic plexus, 
iterruption of the lower part of the lumbar sympathetic chains and 
eriarterial sympathectomy of the iliac and mesenteric arteries. 
a 
ANATOMICOPHYSIOLOGIC BASIS AND TECHNIC OF 
ABDOMINOPELVIC SYMPATHECTOMY 


Difterent types of abdominopelvic sympathectomy have been per- 
med by several surgeons and-by me. In all cases the sympathetic 
innervation of the uterus was interrupted by a transperitoneal approach 
iiter previous laparotomy. Resection of the hypogastric plexus, peri- 
arterial sympathectomy of the mesenteric or the common iliac arteries, 
resection of the aortic plexus and resection of the lumbar chains uni- 
laterally or bilaterally have been practiced alone or in combination. 


The uterus derives its sympathetic nerve supply mainly from the 
hypogastric plexus (Piersol,” Gray,?° White and Smithwick** and 


18. Leriche, R.: Surgery of the Sympathetic System: Indications and Results, 
Ann. Surg. 88:449, 1928; footnote 5. 

19. Piersol, G. M.: Human Anatomy, Philadelphia, J. B. Lippincott Com- 
pany, 1930, p. 1373. 

20. Gray, H.: Anatomy of the Human Body, edited by W. H. Lewis, Phila- 
delphia, Lea & Febiger, 1936, p. 917. 


21. White, J. C., and Smithwick, R. H.: The Autonomic Nervous System, 
New York, The Macmillan Company, 1944, p. 385. 
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Kuntz **) and secondarily from the nerve fibers that accompany the 
hypogastric vessels. The hypogastric plexus (fig. 1) is the continua- 
tion of the aortic plexus, which is made up of nerve branches derived 
from the celiac plexus and from the lumBar sympathetic chains. At 
about the level of the first sacral vertebra, the hypogastric plexus 





Fig. 1—Abdominopelvic sympathetic innervation: <A, aortic plexus; B, hypo- 
gastric plexus; C, inferior mesenteric plexus; D, lumbar sympathetic chain; E, 
pelvic plexus. 


divides into two distinct nerves that course obliquely from above down- 
ward in the lateral rectal space and terminate in a mass of nerve fibers 


22. Kuntz, A.: The Autonomic Nervous System, Philadelphia, Lea & Febiger, 
1934, p. 340. 
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and ganglionic cells which has been named the hypogastric ganglion 
(fig. 2) by Frankenhaeuser. The visceral branches to the pelvic organs 
originate from this ganglionic plexus, which is also connected with 
the second, third and fourth sacral nerves. This plexus is intimately 
connected with the uterosacral ligaments. 

Afferent sensory fibers conducting painful sensations from the uterus 
run along the hypogastric and aortic plexuses and through the lumbar 
sympathetic chain to reach the spinal cord through the eleventh and 











Fig. 2.—Sympathetic innervation of the uterus. A, common iliac artery; B, 
hypogastric artery; C, ureter; D, bladder; E, uterus; F, vesical plexus; G, uterine 
plexus; H, vaginal plexus; J, vagina; J, rectum; K, hypogastric plexus; L, lum- 
bar sympathetic chain; M, right pelvic plexus; N, sacral sympathetic chain; O, 
second sacral ganglion; P, third sacral ganglion; Q, fourth sacral ganglion; R, 
hypogastric ganglion; S, hemorrhoidal plexus. 


twelfth thoracic nerves. The sensory fibers that accompany the hypo- 
gastric and common iliac vessels probably run also through the lumbar 
sympathetic chain before reaching the spinal cord. 

The efferent pathways that reach the uterus through the hypogastric 
plexus and through the perihypogastric innervation exert a vasocon- 
strictor action on the vessels of the internal genital organs. 
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These facts concerning the anatomy and physiology of the sympa- 
thetic innervation of the uterus are of great importance in planning 
the relief of pain in cancer of the uterus by abdominopelvic sympathec- 
tomy. To obtain complete relief from pain, it is necessary to interrupt 
the afferent pathways that run along the hypogastric plexus, along the 
hypogastric vessels and along the mesenteric artery. The periarterial 
sympathectomy of the inferior mesenteric artery is performed to relieve 
pain produced from invasion by cancer of the sigmoid mesocolon (fig. 3). 











ror 


Fig. 3.—Abdominopelvic sympathetic innervation and inferior mesenteric 
plexus. <A, celiac plexus; B, lumbar sympathetic chain; C, hypogastric plexus; 
D, splanchnic nerves; £, inferior mesenteric plexus. 


And, as the cancer in its development invades progressively the adjacent 
structures, to obtain relief of pain for as long as possible it is necessary 
to perform an extensive abdominopelvic sympathectomy. 

Technic.—In cases of resection of the hypogastric plexus, the abdo- 
men is opened by a median subumbilical incision. In cases of extensive 
abdominopelvic sympathectomy, the incision in the abdominal wall is 
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extended from the symphysis pubis to a point above the umbilicus. The 
patient is placed in the Trendelenburg position. The small intestines 
and colon are packed toward the diaphragm. After careful and complete 
examination of the pelvis to determine the extent of invasion of the 
tumor, abdominopelvic sympathectomy to relieve pain is planned accord- 




















_ Fig. 4.—Approach to the abdominopelvic sympathetic system. A, lower part 
of aortic plexus; B, right lumbar sympathetic chain; C, hypogastric plexus; D, 
inferior mesenteric plexus; E, left lumbar sympathetic chain; F, pelvic plexus. 


ing to the circumstances of each case. The posterior parietal peritoneum 
is incised in the midline over the portion of the lower abdominal aorta, 
just below the origin of the inferior mesenteric artery. The incision 
is carried downward below the bifurcation of the aorta. The peri- 
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toneum of the pelvis is then incised in a Y shape over the course of 
the right and left common iliac arteries to a point beyond the origin of 
the hypogastric arteries (fig. 4). The hypogastric plexus that is 
involved by the retroperitoneal connective tissue is isolated anterior 
to the aorta and the fifth lumbar vertebra. The right and left branches 
of the hypogastric plexus are isolated in the pelvis to a point near the 
hypogastric ganglionic plexus. 

Dissection is carried upward, and the roots of the hypogastric and 
aortic plexus derived from the lumbar chains are identified and isolated. 
The fifth, the fourth and, in certain cases, the third lumbar ganglion 
of the lumbar chain may be isolated and resected. The lower part of 
the aortic plexus above the origin of the inferior mesenteric artery is 
isolated as far as possible. 

The hypogastric plexus, the lower part of the aortic plexus and 
the lumbar sympathetic chains may be resected when they are being 
isolated or after previous complete isolation. By this operation the 
hypogastric afferent pathways from the uterus are completely interrupted. 
3ut to obtain complete interruption of the efferent pathways from the 
organs of the pelvis it is also necessary to interrupt the afferent path- 
ways that follow the vessels, particularly the arteries. Periarterial 
sympathectomy of the common iliac arteries and sympathectomy of the 
inferior mesenteric artery is required to complete the interruption of 
the afferent pathways from the pelvis. 

In the cases reported I have performed different types of sympa- 
thetic operations, from resection of the hypogastric plexus alone to the 
more extensixe and complete abdominopelvic sympathectomy (fig. 5). 
In all these cases, after the abdominopelvic sympathectomy ligation of 
the hypogastric arteries has also been done. After these retroperitoneal 
operations, the peritoneum was closed by a continuous suture and the 
abdominal wall was closed in layers. 


ABDOMINOPELVIC SYMPATHECTOMY AND LIGATION OF 
HYPOGASTRIC ARTERIES PRECEDED BY RADIUM 


AND ROENTGEN 


THE 








RAY TREATMENT 


As abdominopelvic sympathectomy is followed by an increased blood 
supply to the organs of the pelvis, it is important to know what influence 
this operation exerts in the development of cancer of the uterus. 

To clarify this question, in 2 patients with cancer of the cervix 
uteri suffering from pelvic pain, who had been treated previously by 
radium and roentgen rays, abdominopelvic sympathectomy was per- 
formed and supplemented by ligation of the hypogastric arteries, to 
reduce the danger of hemorrhage of the cervical cancer. 


Case 1.—Carcinoma of the Cervix Uteri, Stage II. 


E. M. C., a 29 year old woman, one month previously had begun to have pain 
low in the abdomen. Gynecologic examination showed the cervix uteri to be 
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nodular and bleeding and the anterior vaginal fornix infiltrated. Biopsy of the 
cervix showed squamous cell carcinoma. 

She was treated by roentgen rays (2,400 r) and application of radium to the 
vagina and uterus (50 mg.), followed by gynecologic diathermy and roentgen 











Fig. 5—Abdominopelvic sympathectomy : A, lower part of the aortic plexus; B, 
right lumbar sympathetic chain; C, resection of hypogastric plexus; D, left lumbar 
sympathetic chain; E, periarterial sympathectomy on inferior mesenteric artery; 
F, periarterial sympathectomy on common iliac artery. 


rays (16,600 r). During and at the end of the treatment, she complained of a 
great deal of pain low in the abdomen and low in the back. After the irradiation, 
the cervix healed. On April 13, 1940, with the patient under general anes- 
thesia with ether, I performed resection of the hypogastric plexus and ligation 
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of the hypogastric arteries. Two months after the operation, the anterior vaginal 
fornix ulcerated. Five months after sympathectomy, there was no pain low in 
the abdomen or in the lumbosacral region but the patient complained of vaginal 
pain and rectal tenesmus. Gynecologic examination showed that the cervix uteri, 
the vaginal fornices and the superior third of the anterior wall of the vagina 
were ulcerated and the parametrium infiltrated. In the sixth month the condition 
of the patient became worse; inguinal metastases and a vesicovaginal fistula 
appeared, and there was much vaginal pain. The further course is not known. 


? 


Case 2.—Carcinoma of the Cervix Uteri, Stage I. 


E. R. C., a 29 year old woman, had for the last three months had a hemor- 
rhagic discharge from the vagina. Gynecologic examination revealed the cervix 
uteri to be irregular and bleeding to touch. Biopsy showed basal cell carcinoma. 

Roentgen rays (2,400 r) and radium treatment of the vagina (25 mg.), féllowed 
by gynecologic diathermy and roentgen rays (16,530 r) were applied. The cervix 
uteri healed. On May 3, 1940, with the patient under general anesthesia induced 
with ether, I performed resection of the hypogastric plexus and ligation of the hypo- 
gastric arteries. Three months later the patient complained of abundant vagina 
discharge, rectal tenesmus and vaginal pain, although she had no pain low in th 
abdomen or in the lumbosacral region. Gynecologic examination showed the cervix 
uteri to be ulcerated and bleeding and the vaginal fornices invaded by the cancer 
Four months after the sympathectomy she complained of pain in the left sacroiliac 
region, radiating down to the groin and the internal aspect of the left thigl 
Six months after the operation the cervix was ulcerated, the vaginal fornices 
were infiltrated and the left parametrium was invaded by the cancer; there was 
intense vaginal pain. After this time she did not return to the dispensary. 

In these 2 patients with carcinoma of the cervix uteri, resectiot 
of the hypogastric plexus and ligation of the hypogastric arteries was 
followed by relief from pain low in the abdomen and low in the back 
This relief was complete for about two (casel) or three months (case2). 
Then the cervix ulcerated, and the cancer quickly invaded the vaginal 
fornices, the wall of the vagina and the adjacent structures. Vaginal 
pain appeared. The general condition of both patients quickly became 
worse. About six months after the sympathetic operation, the general 
and local conditions were extremely poor. 


ABDOMINOPELVIC SYMPATHECTOMY AND LIGATION OF THE 
HYPOGASTRIC ARTERIES FOLLOWED BY RADIUM AND 
ROENTGEN RAY TREATMENT 


In spite of ligation of the hypogastric arteries, abdominopelvic sym- 
pathectomy performed to relieve pain in cancer of the cervix uteri 
provokes an increase in the development of the arterial collateral 
circulation in the organs of the pelvis. This postoperative increase in 
blood supply at the level of the vessels of the uterus and of the tumor 
has an adverse influence on the development of the cancer of the cervix 
uteri as the first 2 cases have shown. In the following 12 cases, post- 


operative irradiation by radium and roentgen rays was performed 
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mmediately after the abdominopelvic sympathectomy. In this way 
the increase of radiosensitivity of the tumor produced by the increased 
arterial blood supply, determined by vasodilatation, was utilized to favor 
the irradiation. 


Case 3.—Carcinoma of the Cervix Uteri, Stage II. 

O. J. R., a 63 year old woman, had for two years had a vaginal discharge that 
n recent months had become hemorrhagic. Gynecologic examination showed the 
ervix uteri and the anterior fornix of the vagina to be ulcerated. Biopsy revealed 
denocarcinoma. 

The patient was treated by roentgen rays (2,400 r), and on March 30, 1940, 
vith the patient under general anesthesia induced with ether, I performed resection 
f the hypogastric plexus followed by bilateral ligation of the hypogastric arteries. 
mmediately after the operation, radium (50 mg.) was applied to the vagina and 
iterus, followed by gynecologic diathermy and roentgen rays (16,260 r). Six 
nonths later the cervix healed, but the patient complained of rectitis; the pain 
»w in the abdomen and low in the back was absent after operation. Five years 
iter the sympathectomy the cervix uteri remained healed, there were no signs 
f recurrence of metastasis and she had had no pelvic pain. 

Case 4.—Carcinoma of the Cervix Uteri, Stage II-III, 

L. A., a 62 year old woman, had had for six months discharge from the vagina and 
ain low in the abdomen and in the lumbosacral region. Gynecologic examination 
howed an irregular and nodular cervix, bleeding easily to touch; the fornices 
vere infiltrated. Biopsy showed basal cell carcinoma. 

Roentgen rays (2,400 r) were applied, and on April 6, 1940, with the patient 
nder general anesthesia induced with ether, I carried out resection of the hypo- 
gastric plexus, followed by bilateral ligation of the hypogastric arteries. After 
the operation, radium treatment (50 mg.) to the vagina and uterus, gynecologic 
iathermy and roentgen rays (16,600 r) were applied. Five months after the 
ympathectomy the cervix uteri was healed; there was no pain or hemorrhage. 
Ine year later the cervix remained healed, without signs of recurrence or metas- 
asis. The further course is not known. 

Case 5.—Carcinoma of the Cervix Uteri, Stage II. 

M. N. O., a 46 year old woman, had for two months had a discharge from 
the vagina, with hemorrhage. Gynecologic examination showed the cervix uteri 
to be replaced by a large mass, bleeding easily to touch. The lateral vaginal 
fornices and the parametrium were infiltrated by the cancer. Biopsy revealed 
asal cell carcinoma. 

On April 20, 1940, with the patient under general anesthesia induced with ether, 

performed resection of the hypogastric plexus and ligation of the hypogastric 
rteries. This operation was followed by application of radium (50 mg.) to the 
vagina and uterus, gynecologic diathermy and roentgen rays (16,600 r). Five 
months after the sympathectomy the cervix uteri was healed, and the patient 
remained well unfil one year after the operation. Then the cervix ulcerated, the 
ancer invaded the parametrium and pain appeared in the left sacroiliac region, 
radiating down to the groin and left lower extremity. The patient died five months 
later. 


CasE 6.—Carcinoma of the Cervix Uteri, Stage III. 
A. S., a 36 year old woman, had for five months had a discharge from the 
vagina and sometimes hemorrhage and pain low in the abdomen and in the lumbo- 
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sacral region. The cervix uteri was replaced by an irregular mass that bled when 
touched. The lateral vaginal fornices and the right parametrium were infiltrated 
by the cancer. Biopsy of the cervix showed basal cell carcinoma. 

The patient was treated by roentgen rays (2,400 r), and on April 27, 1940, 
with the patient under general anesthesia induced with either, I performed resection 
of the hypogastric plexus and ligation of the hypogastric arteries. Immediately 
after the operation, radium (40 mg.) was applied to the vagina and uterus, followed 
by gynecologic diathermy and roentgen rays (16,600r). Three months after the 
operation the cervix was healed, but the cancer recurred seven months after 
the operation; the cervix was ulcerated, and the vaginal fornices and parametrium 
were infiltrated by the cancer. Two months later a vesicovaginal fistula appeared. 
The patient remained without pain low in the abdomen or low in the back until 
one year after the sympathectomy, when she complained of pain in the right 
lumbosacral region, radiating down to the lower extremity on the same side. 
The end result is not known. 


Case 7.—Carcinoma of the Cervix Uteri, Stage II. 

M. C. S., a 37 year old woman, had for three months had a discharge, with 
uterine hemorrhages for the last three weeks. There were diffuse pains low it 
the abdomen. Gynecologic examination showed the cervix uteri to be replaced by 
an irregular neoplastic mass, bleeding easily to touch. The lateral fornices oi 
the vagina were invaded by the cancer. Biopsy of the cervix showed carcinoma 
of transitional cells. P 

On May 18, 1940, with the patient under general anesthesia induced with ether, 
I performed resection of the hypogastric plexus and ligation of the hypogastri: 
arteries. Treatment of the vagina and uterus with radium (44.62 mg.), gynecologi: 
diathermy and roentgen rays (16,330 r) were applied postoperatively. Six months 


after operation the patient complained of pain in the right sacroiliac regions 
radiating down to the right lower extremity. She did not come back to the 
dispensary. 


Case 8.—Carcinoma of the Cervix Uteri, Stage I. 

L. G., a 34 year old woman, had abundant hemorrhages from the uterus for 
four months. The cervix uteri was invaded by a tumor growth, bleeding to touch 
Biopsy showed basal cell carcinoma. 

Before the operation, roentgen rays were applied (2,400 r). On Sept. 9, 1940, 
with the patient under general anesthesia induced with ether, I performed resec- 
tion of the hypogastric plexus, bilateral periarterial sympathectomy of the 
hypogastric arteries and ligation of both hypogastric arteries. Radium treatment 
(50 mg.) to the vagina and uterus, gynecologic diathermy and roentgen rays 
16,600 r) were applied immediately after the operation. For two months the patient 
remained well and without pain; then lumbosacral pain appeared, radiating down 
along the left sciatic nerve. Seven months after the operation, the sciatic pain 
on the left side persisted. Since that time the patient has not returned to the 
dispensary. 


Case 9.—Carcinoma of the Cervix Uteri, Stage I. 

B. A. M., a 38 year old woman, had discharge from the vagina and hemor- 
rhages from the uterus for six months, with diffuse lumbosacral pain. The cervix 
uteri was ulcerated. Biopsy of the cervix uteri revealed basal cell carcinoma. 

The patient was treated by roentgen rays (2,400 r). On Aug. 22, 1940, with 
the patient under general anesthesia induced with ether, I resected the hypogastric 
plexus and did a periarterial sympathectomy of the right common iliac artery 
and ligation of both hypogastric arteries. Radium treatment (50 mg.) of the vagina 
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and uterus, gynecologic diathermy and roentgen rays (16,600 r) were applied 
immediately after the operation. Three months later the cervix was healed and 
the pain low in the abdomen and in the lumbosacral region was absent. Four 
years after the operation the cervix uteri remained healed, and the patient had 
no pain low in the abdomen or low in the back; there were no signs of recur- 
rence or metastasis. Nothing further is known about the patient. 

Case 10.—Carcinoma of the Cervix Uteri, Stage II. 

C. S., a 33 year old woman, five months before she was seen had a hemor- 
rhage from the uterus and since then repeated hemorrhages. The cervix uteri was 
ulcerated and bleeding. The vaginal fornices were invaded by neoplastic infiltra- 
tion. Biopsy showed basal cell carcinoma. 

Roentgen rays (2,400 r) were applied, and on Aug. 10, 1940, with the patient 
under general anesthesia induced with ether, I performed resection of the hypo- 
astric plexus, periarterial sympathectomy of the common iliac arteries of the 
iferior mesenteric artery and ligation of both hypogastric arteries. Treatment 

the vagina and uterus with radium (50 mg.), gynecologic diathermy and 

entgen rays (16,600 r) were applied postoperatively. Seven months after the 
peration, the cancer recurred. Nine months after the sympathectomy, pain 
ppeared in the left lumbosacral region, radiating down the left lower extremity. 
eath occurred in 1941, 


Case 11.—Carcinoma of the Cervix Uteri, Stage III. 


A. V., a 40 year old woman, had had repeated hemorrhages from the uterus 
r four months. Lumbosacral pain was present. The cervix uteri was ulcer- 
ed and the parametrium infiltrated. Biopsy showed basal cell carcinoma. 
Roentgen rays (1,500 r) were applied; on Nov. 17, 1941, with the patient 
ider general anesthesia induced with ether, I performed resection of the hypo- 
istric plexus and the lower portion of the aortic plexus, periarterial sympathec- 
tomy of the inferior mesenteric artery and ligation of both hypogastric arteries. 
adium treatment (50 mg.) of the vagina and uterus, gynecologic diathermy and 
entgen rays (990 r) were applied postoperatively. During a period of two 
nd a half years, the cervix remained healed; there were no signs of recurrence 


metastasis, and the patient was free of pelvic pain. Her further history is 
‘tt known. : 


Case 12.—Carcinoma of the Cervix Uteri, Stage I-II. 
M. P., a 57 year old woman, had hemorrhagic discharge from the vagina for 


hve months. The cervix uteri and the vaginal fornices were ulcerated, and there 
was lumbosacral pain. Biopsy showed basal cell carcinoma. 


This patient was treated by roentgen rays (1,200 r) and on Sept. 30, 1941, 
vith the patient under general anesthesia induced with ether, I performed resec- 
tion of the hypogastric plexus of the lower portion of the aortic plexus, peri- 
arterial sympathectomy of the inferior mesenteric artery and sympathectomy of 
the fourth lumbar ganglion. 

These sympathectomies were followed by ligation of the hypogastric arteries. 
Radium treatment (50 mg.) of the vagina and uterus, gynecologic diathermy 
and roentgen rays (13,160r) were applied postoperatively. Three months 
later the cervix was healed, but six months after the sympathectomy the cancer 
recurred and the cervix ulcerated. Seven months after the operation, the cervix 
remained ulcerated and the cancer had invaded the neighboring pelvic organs; 
however, the patient did not complain of pain in the pelvis or low in the back 
after the sympathetic operation. Nothing further is known about her. 
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Case 13.—Carcinoma of the Cervix Uteri, Stage I-ll. 

M. J. B., a 46 year old woman, had a discharge from the vagina with hemor- 
rhage for three months, with pain low in the abdomen and low in the back 
There was edema of the left thigh. The cervix uteri was ulcerated and the left 
parametrium infiltrated. Biopsy showed a carcinoma of atypical cells. 

Before operation, roentgen rays (2,400 r) were applied, and on,Oct. 9, 1941, 
with the patient under general anesthesia induced with ether, I resected the 
hypogastric plexus and the lower portion of the aortic plexus, did a sympathec- 
tomy of the fourth and fifth lumbar ganglions and a periarterial sympathectomy 
of the inferior mesenteric artery and ligated both hypogastric arteries. Radium 
treatment (50 mg.) of the vagina and uterus, gynecologic diathermy and roent- 
gen rays (2,650 r) were applied postoperatively. Four months after the opera- 
tion, the cervix was healed and there was no pain low in the abdomen; the patient 
complained of pain in the external aspect of the left leg. Six months after the 
sympathectomy the cervix remained healed. She was treated by roentgen rays 
and the pain in the left leg disappeared. After that time she did not return t 
the dispensary. 

Case 14.—Carcinoma of the Cervix Uteri, Stage II. 

M. J. S., a 48 year old woman, had hemorrhagic discharge from the vagina 
and hemorrhages from the uterus for eight months. The cervix was ulcerated 
and bled abundantly; the vaginal fornices were infiltrated. Biopsy showed a 
basal cell carinoma. 

Roentgen rays (2,400 r) were applied before the operation. On Dec. 13, 1941 
with the patient under general anesthesia with ether, I performed resection of th: 
hypogastric plexus and of the lower portion of the aortic plexus, bilateral inte: 
ruption of the fourth and fifth lumbar sympathetic ganglion and periarteria 
sympathectomy of the inferior mesenteric artery, followed by ligation of th 
hypogastric arteries. Radium treatment (43 mg.) of the vagina and uterus 
gynecologic diathermy and roentgen rays (16,600 r) were applied postoperativel; 
Five months after the operation the cervix was healed and the patient was free fror 
pain. Three years after the sympathectomy the cervix remained healed, the 
patient had no pelvic pain and there was no sign of recurrence or metastasis 
She has not been seen since. that time. 


In this series of 12 cases the abdominopelvic sympathectomy was 
followed by application of radium and roentgen rays. On 5 patients 
with pain low in the abdomen or low in the back produced by carci- 
noma of the cervix uteri (stages II and III), resection of the hypo- 
gastric plexus and ligation of the hypogastric arteries was performed. 
In all cases pain disappeared completely after the sympathectomy, 
and the cervix healed. Five years later in 1 patient (case 3) and one 
year later in another patient (case 4), the cervix remained healed 
and without pain. In the other cases cancer recurred locally one year 
(case 5), seven months (case 6) and six months (case 7) following 
the hypogastric sympathectomy. It is interesting to observe that in 
2 patients (cases 5 and 7) after local recurrence pain appeared at the 
level of the sacroiliac region, radiating down to the lower extremity. 
But in 1 case (case 6) cancer recurred without pain seven months 
following the resection of the hypogastric plexus. During the following 
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months, the cancer invaded the neighboring structures and a vesico- 
vaginal fistula appeared without pain. Only five months after the local 
recurrence (one year after the sympathectomy), the patient began to 
feel pain in the right lumbosacral region, radiating down to the lower 
extremity. 

In the last 7 cases, interesting facts were observed. To the resection 
of the hypogastric plexus was added periarterial sympathectomy of the 
hypogastric or common iliac arteries—and in other cases, of the inferior 
mesenteric artery—resection of the lower portion of the aortic plexus 
and lumbar sympathectomy. In every case the cervix uteri healed 
iter treatment by abdominopelvic sympathectomy and irradiation. One 
patient (case 9) after four years, another (case 14) after three years 
ind another (case 11) after two years and a half remained healed and 
without pain, recurrence or metastasis. In another patient (case 13) 
the cervix healed; however, four months after the operation she com- 
plained of pain in the external aspect of the leg. This pain was 

ympletely relieved by roentgen ray treatment, and she remained healed 
ud free of pain. In case 8 the cervix uteri healed and the patient was 
elieved of pelvic pain during two months; then appeared a sciatic pain 
n the left side. Cancer recurred locally in case 10 seven months after 
eration ; only two months later lumbosacral pain appeared on the left 
de. A similar fact was observed in case 12. The cervix uteri ulcer- 
ited six months after the operation; cancer progressed and invaded 
e neighboring structures, but one month later the patient did not feel 
pelvic pain. These cases demonstrate that the patient remains free of 
iin while cancer invades the structures anesthetized by abdominopelvic 


sympathectomy. When cancer reaches the lumbosacral plexus, pain 
reappears, radiating down to the lower extremity. 


COMMENT 


At the same time that these investigations on the influence of 
abdominopelvic sympathectomy in the treatment of pain in cancer of the 
uterus were carried out, the influence of the blood supply in the develop- 
ment of cancer of the cervix uteri was also studied. In spite of bilateral 
ligation of the hypogastric arteries, abdominopelvic sympathectomy pro- 
duces vasodilatation and increased development of the collateral circu- 
lation of the pelvic organs.*® This increased blood supply to the uterus 
has an adverse influence on the tumor if the application of radium and 
roentgen rays is not performed immediately after the sympathectomy. 
The first 2 cases of this series demonstrate this fact. In these patients, 
previously treated by radium and the roentgen ray, resection of the hypo- 
gastric plexus was performed, but radium was not applied after the 
sympathectomy. Respectively two and three months after the operation, 
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the cervix uteri ulcerated from neoplastic recurrence. In the next few 
months the cancerous invasion of the neighboring structures progressed 
quickly. Pain low in the abdomen and low in the back remained 
relieved, but five months later in the 1 case and three months later in 
the other vaginal pain caused by extension of the cancer appeared. 

Resection of the hypogastric plexus, followed by immediate irradia- 
tion, gave a different result. In all these cases hypogastric sympa- 
thectomy relieved the pain low in the abdomen and low in the back. 
In 1 patient the cervix remained healed and there were no signs of 
recurrence or metastasis for five years, and in another the cervix 
remained healed one year. In the 3 remaining patients the cancer 
recurred respectively one ‘year, seven months and six months after 
hypogastric sympathectomy. There was no pain low in the abdomen 
or low in the back except in the case in which the cancer recurred 
one year later, when pain appeared in the left sacroiliac region and 
radiated down the left lower extremity; in the other 2 cases pain 
appeared in the right lumbosacral region one year and six months 
respectively after the operation. 

Comparing the results observed in the first 2 cases with the results 
obtained in these 5 cases in which resection of the hypogastric plexus 
was followed by radium and roentgen ray treatment, one deduces that 
the results were better when irradiation followed hypogastric sympa- 
thectomy. 

In the remaining 7 cases, a more extensive sympathectomy was 
performed. To resection of the hypogastric plexus was added sympa- 
thectomy of the hypogastric arteries (1 case); sympathectomy of the 
right common iliac artery (1 case) and of the common iliac and inferior 
mesenteric arteries (1 case); sympathectomy of the inferior mesen- 
teric artery and resection of the lower portion of the aortic plexus 
(1 case), and, finally, sympathectomy of the inferior mesenteric artery, 
resection of the lower portion of the aortic plexus and lumbar sympa- 
thectomy (3cases). In 3 of these cases there was local healing and no 
recurrence, metastasis or pain during periods of four, three and two and 
a half years. In the fourth case the lesion of the cervix healed; then, 
four months after the operation, pain appeared in the external aspect 
of the left leg, but six months after the abdominopelvic sympathectomy 
the cancer of the cervix remained healed and the pain in the leg was 
relieved by roentgen ray treatment. In the remaining 3 cases there 
was recurrence of the cancer of the cervix. In 1 case the cancer recurred 
six months later and the cervix ulcerated, but the patient did not com- 
plain of pain low in the abdomen or low in the back during the period 
of observation. In the second case, two months after the operation 
the patient began to feel lumbosacral pain radiating along the left 
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sciatic nerve. Seven months after the sympathectomy, the sciatic pain 
persisted but she did not feel pain low in the abdomen. Finally, in 
the last case the patient remained well for seven months, when the 
cancer recurred. Nine months after the operation the patient began 
to feel lumbosacral pain on the left side, radiating down to the left 
thigh; she died some time later. 

The results obtained in these cases, in which an extensive abdomino- 
pelvic sympathectomy was performed, show that the cancer may recur 
without pain, as happened in 1 case, or with pain, as was observed 
in 2 cases. When pain occurred after the abdominopelvic sympathec- 
tomy, the patients did not feel abdominal pain in the fields of the 
sympathetic innervation. They had only a somatic pain in the field 
if the innervation of the lumbosacral plexus. In its development the 
‘ancer invaded the neighboring structures, and when the roots or 
branches of the lumbosacral plexus were stimulated by the tumor pain 
ippeared and radiated down the lower extremity. 

These facts suggest that abdominopelvic sympathectomy relieves 
nly the visceral sympathetic pain, which remains relieved while the 

imor is localized within the area anesthetized by the sympathetic 
peration. But when the tumor progresses and invades the field of 
he somatic innervation, only therapeutic action (chordotomy or other 
rocedures ) on the cerebrospinal nervous system may relieve the pain 
mmpletely. In the treatment of pain caused by cancer of the cervix 
iteri two problems may be observed: the one sympathetic and the 
ther somatic. They may appear isolated in some cases or associated 
n others. From the analysis of the mechanism of pain in each patient 
may be deduced the best therapeutic method, sympathetic or somatic, 
o relieve the intolerable pain. 

In these investigations I have tried to relieve pain in cancer of the 
cervix uteri by abdominopelvic sympathectomy followed by ligation 
of the hypogastric arteries, with the purpose of avoiding hemorrhage 
at the level of the ulcerated cervix. It is known that abdominopelvic 
sympathectomy increases the blood supply to the cancer, and this favors 
the action of the radium and roentgen rays. It will be necessary to 
perform another series of abdominopelvic sympathectomies, without 
ligation of the hypogastric arteries, to know whether there is any 
difference in the results when compared with those obtained in these 
investigations. 

SUMMARY 


To determine the value of abdominopelvic sympathectomy in the 
treatment of intolerable pain in cancer of the cervix uteri, I have per- 
formed a series of sympathetic operations on 14 patients. These opera- 
tions were limited to resection of the hypogastric plexus in 7 patients, 
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but in the remaining patients there was added one or more of the 
following operations: periarterial sympathectomy of the hypogastric, 
common iliac or mesenteric arteries; resection of the lower portion of 
the aortic plexus and lumbar sympathectomy. 

As abdominopelvic sympathectomy increases the blood supply and 
the development of the collateral circulation of the pelvic organs, I tried 
to lessen the risk of hemorrhage at the level of the ulcerated cancer 
by bilateral ligation of the hypogastric arteries. However, it is to be 
noted that, even when bilateral ligation of the hypogastric arteries is 
performed, after the operation there is an evident increase in the 
development of the collateral circulation, as I had already demon- 
strated in experimental investigations.‘*® In this series of 14 cases, 
aiter the abdominopelvic sympathectomy there was no death caused 
by hemorrhage. 

To analyze the influence of the increased blood supply caused by 
abdominopelvic sympathectomy in the development of the cancer, the 
treatment by irradiation preceded in 2 cases resection of the hypo- 
gastric plexus, and in 5 cases radium was applied postoperatively during 
the phase of vasodilatation of the pelvic vessels. The results obtained 
reveal the quick recurrence and development of cancer of the cervix 
when abdominopelvic sympathectomy was preceded but not followed 
by irradiation. Much better were the results when the application of 
radium was performed during the increased blood supply caused by 
vasodilatation following the sympathetic operation. 

The extensive abdominopelvic sympathectomy, in which resection 
of the lower portion of the aortic plexus was added to resection of 
the hypogastric plexus, lumbar sympathectomy and periarterial sympa- 
thectomy of the common iliac, hypogastric or mesenteric arteries, 
demonstrated that the visceral sympathetic pain remains relieved during 
the period in which the cancer remains within the anesthetized area. 
If the cancer progresses and invades the lumbosacral plexus, pain 
appears, radiating down to the lower extremity. As there may exist a 
sympathetic or a somatic pain or both in cancer of the cervix uteri, 
two therapeutic problems, the one sympathetic and the other somatic, 
must be analyzed according to the type of mechanism of pain. From 
these investigations it is deduced that abdominopelvic sympathectomy 
relieves only the visceral sympathetic pain and must be followed by 
adequate treatment by radium and the roentgen ray. 
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PREOPERATIVE DIAGNOSIS OF RECENT WOUNDS 
OF THE ABDOMEN 


MAJOR LEON M. MICHELS 
MEDICAL CORPS, ARMY OF THE UNITED STATES 


HE results of present day management of war wounds of the 
abdomen are superior to those obtained in previous wars. This 
due to many factors, both military and medical. One such factor 
the application of sound surgical principles. The procedures sug- 
ested in directives are based on such principles, and to carry out these 
ocedures, correct preoperative diagniosis is essential. For wounds of 
e abdomen, diagnosis may be simple, but in my experience problems 
e frequently encountered. 
in preoperative diagnosis of abdominal wounds, not only the intra- 
ritoneal structures but also the structures adjacent to them, particu- 


tly the genitourinary organs, must be considered. Similarly, in 


eoperative diagnosis of intra-abdominal injury, wounds of the chest, 
e back, the perineum and the thighs must also be evaluated. For this 
ason, an orderly method of diagnosis is always carried out. This 
utine depends on the painstaking employment of time-honored meth- 
ds ot physical diagnosis, enhanced by simple roentgenologic and labora- 
ry aids. 

The greatest aid to diagnosis is the determination of the course of 

e missile. This is arrived at as the diagnostic steps are carried out. 
[hese steps are evaluation of the general condition and complaints of the 
patient, inspection of the wounded areas, palpation for foreign bodies, 
palpation and auscultation of the abdomen and chest, palpation of the 
renal region, urethral catheterization and urinary examination, digital 
examination of the rectum, inspection of the gastric contents and roent- 
gen ray studies. Not all these steps may be necessary, but even with 
the use of all of them a diagnosis may still remain incomplete. Nothing 
can replace experience as a teacher. In this paper it is intended only 
to point out the aids to diagnosis which have been employed, the diffi- 
culties encountered and the pitfalls in the interpretation of these 
procedures. 

The conclusions drawn after one has gone through an orderly routine 
of preoperative diagnosis should answer the following questions: 1. Has 
the peritoneal cavity been perforated? 2. Regardless of perforation of 
the peritoneum, is there a possibility that some intra-abdominal catastro- 
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phe has occurred? 3. What structures, intraperitoneal or adjacent 
thereto, are probably involved? 

It can then be determined whether the abdomen must be opened, 


which type of incision is most suitable and what extra-abdominal pro- 
cedures should be accomplished. 


COURSE OF THE MISSILE 


By being able to trace the course of the missile, one may gain moré 
information than by any other means. Missiles can travel long dis- 
tances in the body to enter the abdomen, and any wound of the abdominal! 
wall, the back, the buttocks or the perineum is to be suspected. Projec 


tiles which enter from the lower part of the chest and the thigh also fre 
quently penetrate into the belly. Actually, no place on the body is 
completely exempt as a possible wound of entrance into the abdomen. 
Case 1 records a not unusual moderately long course of a missile. 

Case 1—In a 24 year old man the wound of entrance was immediatel) 
beneath the middle third of the right clavicle. There was evidence of fluid i 
the right side of the chest. The abdomen was normal on examination. <A foreig 
body was palpable below the right twelfth rib posteriorly. Roentgenologic exam 
ination showed the palpable foreign body and fractures of the third, the fourt! 
and the fifth rib anteriorly, with some haziness of the entire right side of th 
chest. With this information, the path of.the missile could be plotted. It entere: 
under the clavicle, probably traveled in the thoracic wall to the site of the thr« 
fractured ribs, entered the thoracic cavity and traversed the diaphragm and tl 
liver to stop subcutaneously. A thoracotomy and laparotomy were done, an 
the preoperative diagnosis of the course of the projectile was confirmed. 


If there is one wound of the skin, two possibilities are present 
Either the fragment has penetrated into the body and is still there, o1 
the wound is a lacerated or an avulsed one and contains no foreign 
body. If the fragment is in the body and if it is superficial, it may be 
palpable. Nearly all foreign bodies encountered in war wounds are 
metallic, and proper roentgenograms will demonstrate them. Usually 
it is a simple matter to decide what must be examined roentgeno- 
logically, but if the foreign body is not seen on the roentgenograms 
roentgen examination of other areas is indicated. Thus, the course 
from entrance to missile is roughly known. Rarely do two missiles 
enter through the same wound. Yet case 2 demonstrates a multi- 
plicity of foreign bodies and only one wound. 

Case 2.—The wound of entrance in a 19 year old youth was lateral to the 
left hip. The abdomen was rigid and tender. The rectum was full of feces, 
but there was no blood on the examining finger and no laceration was palpated. 
Catheterized urine contained no blood. The left leg was externally rotated. 
Roentgenologic examination showed many foreign bodies in the pelvis. Two of 
these fragments were similar in appearance to small caliber bullets. (This man 
had been wounded by a potato masher type of grenade.) The head of the left femur 
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jacent and the acetabulum were severely comminuted. At laparotomy, a jagged rectal 
laceration was found. This tear was both intraperitoneal and extraperitoneal and 
was 3 inches (7.6 cm.) long. The sigmoid colon was also lacerated. Bone fragments 
ened, from the femur and the acetabulum were recovered throughout the peritoneal 
| pro- avity. The metallic bodies seen on roentgenologic examination were mainly 
intraperitoneal, but a few were removed from the abdominal wall. 


Since there is no foreign body in the avulsed or lacerated wound, 
the extent of damage is estimated by inspection. Some avulsed wounds 
more nclude peritoneum and may be associated with evisceration. A large 
y dis- agged shell fragment which avulsed a portion of the abdominal wall 
minal nay lacerate structures some distance from the wound. If such a 
rojec ragment then drops off the wound without having been seen, it may 
0 fre e difficult at laparotomy to explain the findings. In case 3, no foreign 
dy is ody had been seen by the patient and none was demonstrable by 
omen. entgenologic examination. The intra-abdominal pathologic change 
ould be explained only if some portion of a large missile had pene- 
diatel rated into the pelvis at the moment of impact and then fallen from 
ti 2, he body. 
foreigi Case 3.—The patient was a 21 year old man. There was an avulsed wound 
the left anterior abdominal wall, with evisceration of many coils of small 
wel. Roentgenologic examination showed no foreign body. At operation a 
) inch (25.4 cm.) segment of eviscerated jejunum, which was severely lacerated, 
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is resected and an end to end anastomosis done. Several other tears of evis- 
rated jejunum were repaired. All bowel was then returned to the peritoneal 
vity and the remainder of the peritoneal contents explored. Lacerations of 
e ileum, the sigmoid colon and the intraperitoneal portion of the rectum were found 
d repaired and a sigmoid colostomy performed. In addition, laceration of the 
resent istrosplenic ligament and the great omentum necessitated suture. 


re, 01 When the peritoneum remains intact in the avulsed or lacerated 
oreign ound or in the superficial penetrating wound, the possibility of intra- 
vay be ibdominal catastrophe from the sheer force of the blow must be reckoned 


is are vith, 


Case 4+ demonstrates intra-abdominal pathologic change without 

sually peritoneal penetration. 

tgeno- P : : 

5 Case 4—A 19 year old youth had a wound of the abdomen at the right 

grams os , - 
stal margin in the midclavicular line. There was moderate tenderness and 

Course rigidity in the right upper quadrant. The roentgenograms showed a large 


ussiles foreign body immediately beneath the wound of entrance. At operation the 


multi- vound of entrance was débrided, exposing the lower costal cartilages. The 


foreign body was wedged between the cartilage and the peritoneum, the latter 
to the being intact. Aiter the missile was removed, because of its size and location, 
r feces. the abdomen was surgically explored. About 200 cc. of free intraperitoneal 
alpated. blood and a moderate-sized stellate tear of the anterior surface of the right lobe 
rotated. of the liver were found. 


[wo of . ‘i , 
, If more than one wound of the skin is present, again there are two 
1s man 


+ Reha possibilities : first, that the wound is a perforating one, the missile having 
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entered into and exited from the body and, second, that there are 
multiple penetrating wounds or some combination of penetrating, perfo- 
rating, avulsed or lacerating wounds. In a perforating wound no 
foreign body will be demonstrable by roentgenologic examination, but 
the track of the missile can be visualized from the alinement of the 
points of entrance and exit. The track can nearly always be thought 
of as a straight line. Most of the apparently bizarre courses taken 


by fragments are due to the position occupied by the body when it is 
struck. If the crouch, bend or twist could be reduplicated, the path 
of the missile would usually be found to be reasonably straight. By 


questioning, one is frequently able to ascertain the position the patient 
was in at the moment he was wounded. The number of bizarre missile 
tracks found unrelated to the position are few, though they do occur 
In multiple wounds, the diagnostic difficulties are often great, and it 
may be impossible to form definite conclusions as to tracks. Usually, 
in multiple wounds, only a few concern the abdomen, thus simpli 
fying the problem to some extent. Case 5 is one of multiple wounds 


Case 5.—In a 22 year old man there were four wounds in the following 
locations: the left side of the back near the fourth lumbar vertebra, the right 
side of the back near the second lumbar vertebra, the abdomen at the right 
costal margin in the midclavicular line and the left lateral abdominal wall opp 
site the umbilicus. This last wound had a bullet partially protruding from 
Roentgenologic examination showed only the visible bullet. Here, then, wer 
two perforating wounds, and their courses could be visualized. At operation th« 
courses were easily traced as follows: 1. The fragment which entered near 
the second lumbar vertebra on the right coursed below the kidney, lateral to th 
duodenum, perforated the transverse colon near the hepatic flexure four times 
and perforated the liver 2 inches (5 cm.) from its anterior edge to exit on the 
anterior abdominal wall. 2. The fragment which entered on the leit, near the 
fourth lumbar vertebra, perforated the descending colon three times, lacerated & 
inches (20.3 cm.) of jejunum and came to rest partially through the left lateral 
abdominal wall. 


In the region of the buttocks, the thighs and the perineum, one often 
sees a series of wounds caused by the same missile. Case 6 is a simple 
illustration. 

Case 6.—The patient was a 31 year old man who had two wounds of the 
left thigh, one medial and one lateral, two wounds of the scrotum and one of 
the medial surface of the right thigh. Roentgenograms showed a foreign body in the 
right thigh. This missile had entered on the lateral side of the left thigh, exited 


medially, entered and exited from the scrotum and finally penetrated the right 
thigh, where it stopped. 


Perforating wounds in which the projectile courses near the inguinal 
ligament may be confusing for the reason that there may be three wounds 
and no foreign body demonstrable on the roentgenogram. This is 
illustrated in case 7. 
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Case 7.—In a 24 year old man, there were three wounds, one on the lateral 
side of the upper third of the left thigh, one just lateral to the scrotum at the 


inguinal fold and one of the right lower quadrant of the abdomen. The abdom- 


inal wound was 2 by 4 inches (5 by 10 cm.), and through it many loops of 


small bowel were eviscerated. The lower half of the abdominal wall was 
extremely protuberant. Roentgenograms revealed no abnormalities. A midline 
ncision in the lower part of the abdomen showed the abdominal protuberance 

be the manifestation of evisceration of bowel in the track of the missile. 
\fter all bowel had been returned to the peritoneal cavity, the path of the missile 
vas traced from the lateral wound of the left thigh to the wound of the right 
wer quadrant of the abdomen. The missile had torn the skin in the inguinal 
old during its passage but had not exited there. 


In perforating wounds, it is well to know which is the wound of 
ntrance and which the wound of exit. There is nearly always more 
issue damage on exit, both to the deeper structures and to the skin. 
Hence the wound of exit is larger, and there is a greater probability 
{ visceral damage in its vicinity. 


GENERAL CONDITION AND COMPLAINTS OF THE WOUNDED 


Among the factors influencing the appearance of the patient are the 
umber and severity of the wounds, the amount of hemorrhage and 
hock, the prior treatment, the time elapsed since injury and the ease 
vith which he was transported. Therefore, the condition of a man with 
0 abdominal injury may appear critical in contrast to that of a patient 
ho, although he appears well, has definite intra-abdominal pathologic 
hange. Early, the amount of shock or state of alertness may not be of 
elp in accurate diagnosis. As the patient responds to treatment for 
shock, one gathers more information. His statements concerning abdomi- 
ial pains are then worth considering but must be weighed along with 
ll other findings.” A man with two wounds of the anterior abdominal 
vall and no foreign body demonstrable by roentgenologic examination 
could have a perforating wound of the wall only or one which traversed 
some portion of the peritoneal cavity. A rapid recovery from shock 
and no complaints thereafter would favor the former diagnosis. A 
complaint of abdominal pain does not necessarily point to intra-abdomi- 
nal pathologic change, for wounds of the abdominal wall or adjacent 
structures may be extremely painful and simulate intra-abdominal 
catastrophe. 


Although there were two abdominal wounds in case 8, the patient 
recovered rapidly from shock. He then had no abdominal rigidity. 
For these two reasons, in spite of continued abdominal pain and 
tenderness, the preoperative diagnosis was a perforating wound of the 
abdominal wall without peritoneal perforation. 


Case 8—In a 38 year old man there was a wound just to the left of the 
umbilicus and one at the same level in the left midaxillary line. The blood 
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pressure was 80 systolic and 60 diastolic on entry, and the patient appeared ill. 
He complained of severe abdominal pain. After the administration of 1,000 cc. 
of blood, his blood pressure rose to 128 systolic and 70 diastolic and his general 
appearance was excellent. He still complained of abdominal pain but had no 
abdominal rigidity. At operation the wound was found to course through the 
rectus and the oblique muscles and not to involve the peritoneum. 


Vomiting is not particularly indicative, though hematemesis signifies 
esophageal or gastric damage if the possibilities of swallowed blood 
have been eliminated. In case 9, there was hematemesis but no lacera- 
tion of either the stomach or the esophagus. There was a tear of the 
gastrohepatic ligament and severe trauma in the vicinity of the stomach. 


Case 9.—The patient was a 27 year old man with one wound to the left of the 
xiphoid process and one posterior to the left transverse process of the first lumbar 
vertebra. Copious hematemesis was present. Abdominal rigidity was severe. 
Roentgenologic examination showed only a fracture of the left transverse process 
of the first lumbar vertebra. At laparotomy, the abdomen was found to be full of 
blood. The liver was severely macerated, the upper pole of the left kidney was 
lacerated and the gastrohepatic ligament was partially detached from the stomach. 
The path of the missile was demonstrated as follows: It had entered through the left 
transverse process of the first lumbar vertebra, had lacerated the upper pole of the 
left kidney, had penetrated the posterior peritoneum medial to the esophageal- 
cardiac angle, had lacerated the gastrohepatic ligament, had macerated the ‘liver 
and had exited through the costal cartilage to the left of the ensiform process. 


In blast injuries in which there is abdominal injury without any 


wound, vomiting may be one of the few signs which aid in determining 
whether there is actual intra-abdominal pathologic change. 

Fever is no aid in early diagnosis, and even in late diagnosis so 
many variable factors produce a fever that it does not often offer 
much help. 

LOCAL INSPECTION , 


Much information is available from an inspection of the wounded 
areas. The location of the wound has been discussed in its relation 
to plotting the course of the missile. As evisceration is self evident, the 
diagnostic concerns are the location of the foreign body, if any, and 
the extent of the damage to the intraperitoneal and adjacent organs. 
Subcutaneous evisceration may cause a protuberance of the abdominal 
wall, which resembles the swelling of a hematoma (case 7). 

Frequently, a circumscribed hematoma points to the resting point 
of the fragment. In case 10, the whole track of the missile was out- 
lined by a hematoma. 

Case 10.—In a 67 year old woman, there were two wounds of the anterior 
abdominal wall, one to the right of the umbilicus and one near the right iliac 
crest. Connecting the two wounds was a visible hematoma. As this woman 
had a pendulous abdomen, it was decided that the hematoma could signify only 


a fairly superficial track. The diagnosis of no peritoneal perforation was con- 
firmed at operation when the wounds were débrided and inspected. 
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Secretion of,any type from a wound merits study. Wounds of the 
groin, the buttocks or the sacral area which exude a watery liquid 
are practically certain to communicate with the bladder or the urethra. 
[he smell of urine is usually detectable in these instances (case 11). 


Case 11.—In a 24 year old man there was a wound of the left buttock near 
the anus. From this wound slowly oozed clear liquid of the odor of urine. 
[he abdomen revealed no abnormalities at examination. Rectal examination 
disclosed a severe laceration of the rectal wall, and blood presented itself on 
the examining finger. Roentgenologic examination showed a foreign body in the 
pelvis. Attempts to catheterize failed, the catheter entering for about 7 inches 
(18 cm.). At operation the course of the missile was traced through the left 
buttock, in and out of the extraperitoneal portion of the rectum, through the 
prostatic portion of the urethra and into the prostate. There was no intraperi- 
toneal injury. The foreign body was not recovered, as it was felt inadvisable 
to prolong the operation. (The treatment had consisted in laparotomy, sigmoid 
olostomy, suprapubic cystotomy, passage of a catheter through the urethra from 
ibove, coccygectomy and débridements and application of a plaster cast for 
fractures of the left calcaneus and the tibia.) 


Feces or a fecal odor escaping from a wound indicates perforation 
of the bowel, particularly the colon. This is unusual in anterior 
abdominal wounds unless there is evisceration. Occasionally it occurs 
in wounds of the flank or back which communicate with retroperitoneal 
portions of the colon. 

Hemorrhage from a wound seldom aids in diagnosis, for severe 
bleeding may occur in superficial wounds or wounds of muscle. But if 


pressure dressings do not control the hemorrhage, it may be that the 
‘ 3 


bleeding comes from some intra-abdominal or rétroperitoneal structure. 
In cases of thoracoabdominal damage, blood flowing from the external 
wound may have its source in a hemothorax. In case 12, there was a 
moderately profuse hemorrhage from the thoracic wound. This was 
shown to be from a hemothorax which was caused by a laceration of the 
liver and by severance of intercostal vessels. 

Case 12*—-The patient was a 22 year old man. There was a wound over 
the right tenth rib in a line with the angle of the scapula. Bleeding from this 
wound was profuse. There was abdominal rigidity but no tenderness. Roent- 
genologic examination showed haziness of the right pulmonary field and two 
foreign bodies which were anterior and lateral on the right in the vicinity of 
the ninth rib. It was difficult to tell from the roentgenogram whether these 
foreign bodies were in the liver. A limited thoracotomy was done through the 
ninth interspace, resecting the fractured ends of the eighth, ninth and tenth ribs. 
The severed intercostal vessels were ligated. The diaphragm was found to be 
lacerated for 3 inches (7.6 cm.), and there was a shallow laceration of the liver 
immediately beneath the diaphragmatic tear. The foreign bodies were in the 
wall of the chest. The lung showed only a minor contusion of the lower por- 
tion of the lower lobe. These missiles had entered posteriorly through the tenth 
rib, lacerated the diaphragm and the liver and immediately exited from the 
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thoracic cavity, through the eighth. and ninth ribs more anteriorly, to stop in 
the thoracic wall. 


In case 13 prompt diagnosis and priority operation were life saving. 


? 


Case 13.—In a 30 year old man there was one wound of the anterior right 
abdominal wall at the costal margin and one wound on the right side of the 
back at the crest of the ilium. The abdomen was rigid to palpation. Roent- 
genologic examination showed no foreign body. The posterior wound bled pro- 
fusely, and no amount of pressure sufficed to control it. Major retroperitoneal 
bleeding was diagnosed and an immediate laparotomy performed. The ascending 
colon was mobilized and retracted medially, disclosing a completely transected 
bleeding kidney. The blood had coursed down the muscles of the back retroperi- 
toneally to flow out the wound of exit. In addition, the liver was severely lacerated, 
but all its hemorrhage had remained intraperitoneal. 


Although swelling of the scrotum may result from local hemor- 
rhage, it may also be caused by extravasation of urine. 


PALPATION OF THE ABDOMEN 


For a wounded patient, palpation of the abdomen is important chiefly 
for the demonstration of rigidity. Nearly any abdomen containing 
appreciable amounts of free blood or free gastrointestinal contents will 
demonstrate rigidity. (Case 18 was an exception.) Nearly all wounded 
patients have received morphine prior to their admission to the hospital. 
Rigidity, however, is not affected by narcosis to the same degree as is 


tenderness. Tenderness and rebound tenderness are valuable but depend 
on the time factor, the damage to the abdominal wall and adjacent struc- 
ture and the personal equation more than does rigidity. Paftial or com- 
plete severance of the anterior abdominal musculature may interfere with 
or abolish abdominal rigidity in spite of intra-abdominal pathologic 
change. The renal region should be palpated, but tenderness there does 
not in itself signify renal damage. Altogether, one can be easily misled by 
abdominal palpation. At times intra-abdominal injuries will be masked 
because of herniation of the affected organs into the chest. Few 
abdominal signs or symptoms may be present with hemorrhage or 
spillage retroperitoneally or into the lesser omental cavity. It is not 
at all unusual to find a badly lacerated spleen in a patient in whom 
abdominal examination has shown nothing significant. In these 
instances, the amount of free intraperitoneal blood is small (case 14). 

Case 14.—The patient was a 23 year old man. There were three wounds on the 
left side of the back in the region of the tenth and eleventh ribs and three on 
the right side of the back at the lower costal margin. The abdomen was normal 
on examination. Roentgenologic examination showed fluid in the left side of 
the chest, numerous foreign bodies beneath the wounds and two foreign bodies 
in the region of the dome of the left diaphragm. At operation all wounds were 
débrided. One of these on the left, over the tenth interspace, was found to 
suck. Through it, a tear in the diaphragm was seen. A limited thoracotomy 
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was done, not by resecting but by cutting across the tenth rib anteriorly for 
exposure. After the diaphragmatic opening had been enlarged, a severely lacer- 
ated spleen was encountered and splenectomy performed. The two foreign bodies 
were recovered in the hilus of the spleen. 


Severe abdominal rigidity may occur without any intra-abdominal 
pathologic change. This is particularly true in wounds which damage 
the hip, the pelvic girdle or the spine (cases 15 and 20). 

Case 15.—In a 39 year old man there were four wounds, one of the right 
buttock, one of the scrotum and two of the right thigh. The abdomen was rigid 
Rectal examination showed nothing abnormal. By catheterization clear urine 
was obtained. The roentgenograms showed a fracture of the right femoral head, 
the acetabulum and the rami of the right ischium and the pubis. The femoral 
head was completely detached and appeared to be within the pelvis. At opera- 
tion the wounds were débrided and the femoral head found free, anterior, below 
and medial to the acetabulum. No opening into the bladder or the peritoneum 
was iound, and no laparotomy was done. The abdominal rigidity of this patient 
disappeared within forty-eight hours after operation and no abdominal symptoms 
developed. 


When intraperitoneal damage is suspected in the absence of a cutane- 


ous wound, such as occurs in severe concussion or blast, abdominal 
palpation is an important factor in diagnosis but not in itself conclusive. 


DIGITAL EXAMINATION OF THE RECTUM 


Rectal palpation contributes a great deal of information. A tear of 
the rectal wall or an adjacent foreign body may be palpable. If the 
course of the missile suggests rectal damage, the presence of blood on the 
palpating finger is confirmatory evidence (case 11). It is important 
to cleanse blood from the anus or any adjacent wound prior to palpation 
so that blood on the glove is not introduced. The absence of palpable 
damage or visible blood does not exclude rectal damage (case 2). The 
region of the prostatic and membranous portions of the urethra also is 
palpable rectally, and if a catheter is passed simultaneously through the 
urethra one can often determine the point of injury or obstruction. In 
case 16, the rectal examination and the urethral catheterization were 
completely misleading, but enough other aids to diagnosis were present 
(the path of the projectile and the abdominal rigidity) so that proper 
procedures were carried out. 


Case 16—In a 23 year old man there was one wound of the right inguinal 
region and oné posteriorly to the left of the coccyx. The abdomen was rigid. 
Rectal palpation was noncontributory. Catheterized urine was clear, and no 
urethral obstructions were noted. Roentgenologic examination revealed nothing 
abnormal. This was then considered to be a perforating wound with intra- 
abdominal pathologic change. It was thought that no damage to the bladder or 
the urethra or low in the rectum existed. A laparotomy was done, disclosing 
one wound of the terminal portion of the ileum and a tear of the intraperitoneal 


. 
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portion of the bladder. While the bladder was being inspected, a tear of its 
posterior wall which opened directly into the rectum was seen. A coccygectomy, 
which revealed a tear of the posterior rectal wall, was done at the conclusion 
of the abdominal operation (colostomy, repair of the ileum, suprapubic cystotomy 
and repair of the bladder). 







In case 17, in spite of the results of rectal examination, a laparotomy 
was not performed because the course of the missile was demonstrated 
to be extraperitoneal and because there was no abdominal rigidity. 







Case 17.—In a 19 year old youth there was one wound of the left inguinal 
area. There was a small wound in the midline of the anterior abdominal wall 
midway between the symphysis pubis and the umbilicus. The abdomen was not 
rigid, but both lower quadrants were tender. Rectally, a foreign body was 
palpable posterior to and to the right of the rectum, and the tip of the coccyx 
was roughened and mobile. Roentgenologic examination showed a fracture of 
the left ischium and the inferior ramus of the pubis and a foreign body posteri- 
orly below the coccyx. Urethral catheterization yielded clear urine. At opera- 
tion the inguinal wound was débrided and found to lead to the fractured ischium. 
\ coccygectomy was then done, the coccyx found fractured and the foreign body 
recovered from the posterior rectal wall. There was no perforation of the 
rectum, though the posterior muscle coat was lacerated. A track led from the 
site of the foreign body to the fractured ischium and pubis, at which point con- 
tact was made with the track from the inguinal wound. The abdominal wound 


was found to contain a small foreign body which had not penetrated the 
peritoneum. 

















URETHRAL CATHETERIZATION 

Urethral catheterization is a valuable adjunct for any wound which 
may have involved the genitourinary organs. The information gained 
from the passage of the catheter, sometimes with simultaneous rectal 
examination, aids in disclosing urethral wounds and _ obstruction 







(case 11). The gross and microscopic appearance of the urine aids in 
diagnosing injuries of the bladder and the kidneys. Hematuria is evi- 
dence of damage to the genitourinary system, but its absence does not 
eliminate such damage (case 16). Blood in the first portion of the 








urine followed by clear urine is indicative of urethral injury (case 18). 

Case 18.—In a 62 year old man there were hundreds of small wounds of the 
face, neck, chest, abdomen, legs and arms. There were two fractures of the 
right tibia, one of the right radius and one of the fourth, and one of the fifth 


right metatarsal bones. The abdomen was tender but not rigid. Peristalsis was 










not audible. Catheterized urine was bloody for the first few cubic centimeters 
and then clear. This was demonstrated twice. A small fragment was then 
shown to have lacerated the penile urethra. At laparotomy the bladder and 
kidneys were demonstrated to be normal. The intra-abdominal lesions were three 
lacerations of the ileum and a severe laceration of the transverse colon. 


When there remains doubt concerning a laceration of the bladder, the 
bladder may be emptied by catheter, after which a measured amount 
of sterile isotonic solution of sodium chloride is introduced to deter- 
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mine whether it can all be immediately withdrawn. If the patient does 
void clear urine freely and does not complain of pain or difficulty on 
micturition, catheterization usually is unnecessary. 


AUSCULTATION OF THE ABDOMEN 


In a recently wounded abdomen, the presence of peristalsis makes 
it unlikely that damage to the gastrointestinal tract or intra-abdominal 
hemorrhage has occurred. In case 19, although there was a large 
abdominal wound, the presence of active peristalsis aided in eliminating 
a diagnosis of intraperitoneal damage. 


Case 19.—The patient was a 20 year old youth. There was a wound of the 
posterolateral surface of the upper third of the right thigh and an avulsed wound 
of the lower anterior abdominal wall in the midline. The abdomen was soft, 
and there was good peristalsis audible. Urine obtained by catheter was normal. 
The course of the projectile was demonstrated at operation. It had entered the 
thigh, coursed upward, medial to the femoral vessels, lacerated the right rectus 
muscle transversely and avulsed a portion of the abdominal wall. The bladder 
and peritoneum were exposed and found intact. The right spermatic cord was 
traumatized but not severed. 


The absence of peristalsis points to intra-abdominal damage but not 
conclusively, for retroperitoneal and infraperitoneal injuries are usually 
accompanied by diminished bowel activity. The patient in case 20 
presented a rigid, tender abdomen without peristalsis. This was demon- 


strated to be due to infraperitoneal hemorrhage and not to intraperitoneal 
injury. 


Case 20.—In a 30 year old man the wound was in the midline of the abdom- 
inal wall 2 inches (5 cm.) above the symphysis pubis. There were severe 
abdominal pain, tenderness and rigidity and no audible peristalsis. Rectal exam- 
ination showed nothing abnormal. Urine obtained by catheter was normal. The 
roentgenogram showed a foreign body in the region of the superior ramus of 
the left pubic bone. A lower midline incision revealed a large hematoma of the 
prevesical and the left paravesical spaces due to severance of the obturator ves- 
sels. The peritoneum was pushed upward by the hematoma and was intact. 
The bladder was pushed to the right and was intact. The foreign body had 
severed the obturator vessels, then entered the femoral ring and lodged in the 
superior ramus of the left pubic bone. 


ROENTGENOLOGIC EXAMINATION 


The roentgenologic ex4mination has been discussed in previous 
paragraphs. The chief value of the roentgenogram is to locate the 
foreign body so that the course of the missile may be plotted. As has 
been pointed out, this may be confusing if there are several missiles and 
several wounds. Foreign bodies which remain from former wounds, 
calcified lymph nodes and radiopaque substances in the intestines may 
be misleading. It is not always possible to locate the foreign body 
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accurately by roentgenogram, especially in wounds about the rectum. 
Occasionally only at operation is the exact position of the missile 
determined (case 12). In primary preoperative diagnosis, special roent- 






genologic technics are seldom advisable, and, indeed, the condition of 
the wounded precludes much manipulation on the x-ray table. One 
has to be content with a frontal and a lateral view. Oblique pro- 
jections may be ordered at times, but it is seldom worth while to return 
the patient to the roentgenologic department if one balances the added 
shock against the possible added information. Special genitourinary 


roentgenographic procedures find little place in this type of diagnosis. 









Other roentgenologic observations which aid in plotting the courses 
of missiles are fractures, thoracic abnormalities (hemothorax, pneumo- 
thorax), subcutaneous emphysema, herniations through the diaphragm 
and gas under the diaphragm. Case 21 illustrates an interesting roent- 
genologic problem in differential diagnosis. 










Case 21.—In a 22 year old man there were two wounds of the left side of 
the chest, one in the eighth interspace in the anterior axillary line and one over 
the tenth rib posteriorly, 4 inches (10 cm.) from the spine. The abdomen showed 
mild tenderness and rigidity in the left upper quadrant. The roentgenogram 
showed no foreign body. Except for a small portion of the apex, there was 
complete collapse of the left lung, with mediastinal shift to the right. There 
was a white border beneath the uncollapsed apex. No fluid was seen in the 
chest, though the left costophrenic angle was obliterated and the outline of the left 


side of the diaphragm was not clear. This, then, was a perforating wound of the left 






side of the chest, with air in the left thoracic cavity. If one considered the roentgeno- 
gram, three possibilities existed: 1. There was pneumothorax on the left side. 2 


lhe air seen was due to a herniated stomach. 3. Some combination of the first two 





was present. The white band beneath the apex could have been pleura or stomach 
wall. At operation a thoracotomy was done, 8 inches (20 cm.) of the left tenth 
rib being resected. (It had been comminuted by the exiting missile.) The thoracic 
cavity was filled with a hugely dilated stomach. The diaphragmatic laceration 
was large but tight about the stomach, as a badly lacerated spleen was also 
impacted in the hernial opening. By a nasal-stomach tube, enough air was finally 
removed from the stomach to allow the operation to be completed. (Surgical 









treatment consisted in splenectomy, ligation of the left gastroepiploic artery, 






repair of the lesser omentum, reduction of the abdominal contents, repair of the 
diaphragm and resection of 2 inches [5 cm.] of severely lacerated lower lobe of 
the lung.) Some help in determining that the air in the left side of the chest 
was due to dilated stomach could have been obtained by repeating the roentgeno- 
logic examination after first aspirating through a stomach tube. A repetition 
of the roentgenologic examination was not done, as thoracotomy was decided on 
after the first roentgenogram had been seen. 


















THORACOABDOMINAL WOUNDS 







This subject is given a separate section, for certain diagnostic prob- 
lems are peculiar to it. The wounds of entrance and exit may both 
be on the thoracic wall, and yet the missile may have traveled intra- 
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peritoneally part of the time. The diaphragm curves upward; so a 
missile may enter the chest, perforate the lung, enter the abdomen and 
then exit into the chest again through the diaphragm and reenter the 


lung. In its course through the abdomen, such a missile can easily 


damage spleen, stomach, colon or liver. Thus, at thoracotomy, two 
small perforations of the diaphragm are frequently encountered, one 
being the wound of entrance into, and one the wound of exit from, 
the abdomen. Occasionally the wound of entrance in thoracoabdominal 
vounds is from the abdomen into the chest. (In a series of 63 cases 
i thoracoabdominal wounds that I recently reviewed, in 8 the missiles 
ad entered from the abdomen. ) 

\s diaphragmatic perforation may be an indication for thoracotomy 

thoracic wounds, it is especially important to diagnose it preopera- 
tively. There are times when a thoracotomy is indicated largely to 
letermine whether a diaphragmatic tear is present. All the steps in 
iagnosis previously enumerated must be considered. The course of 
he missile is suggestive in any penetrating or perforating wound of the 
wer half of the chest or in any penetrating thoracic wound in which 
ie foreign body on the roentgenogram is so located that a line drawn 
rom it to the wound of entrance touches any point on the diaphragm 
expiration. One may be confused at times by a missile which is 
ree in the pleural cavity and which shifts when the patient is moved. 
‘the missile entered through the chest and is seen on the roentgenogram 
ntra-abdominally or in the renal region, the diaphragm must be con- 
idered as perforated. 

New problems in the appearance and the complaints of the wounded 
re introduced by disturbances of thoracic equilibrium. One symptom 
hich actually points to disturbance of the digestive tract is dysphagia, 

ind this may be due to an esophageal lesion anywhere along its course. 
(he absence of dysphagia does not preclude a wound of the esophagus. 
During inspection of patients, at times a diaphragmatic tear may be 
seen through a sucking wound. When wounds permit the diaphragm 
to be seen prior to operation a diaphragmatic lesion must be suspected, 
even if it is not in the field of vision. 

The information obtained from palpation of the abdomen in cases of 
thoracoabdominal wounds is valuable and necessary but may be con- 
fusing and misleading at times. Two cases of thoracoabdominal wounds 
and lacerated’ spleens have been presented in which the observations 
on abdominal palpation were minimal (cases 14 and 21). Case 22 is 
also a case of thoracoabdominal wound and a lacerated spleen, but the 
patient had pronounced abdominal rigidity. r 

Case 22—In a 24 year old man there was one wound in the eighth left 


interspace in the posterior axillary line and one wound over the eleventh rib 
on the posterior left thoracic wall. There were severe tenderness and rigidity 
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in the left upper quadrant. Roentgenologic examination showed no foreign body, 
but there was fluid in the left side of the chest. A thoracotomy was done, 8 inches 
(20.3 cm.) of the ninth rib being resected. Two holes were seen in the dia- 
phragm, with omentum protruding through each. These holes were connected, 
and inspection of the abdomen transdiaphragmatically showed a lacerated spleen, 
necessitating splenectomy. 


In auscultation of the chest in thoracoabdominal wounds, peristalsis 
may sometimes be heard if a traumatic hernia through the diaphragm 


is present. Roentgenologic examination has been discussed in previ- 
ous paragraphs. It may be added that hemothorax occasionally is due 
to bleeding from some abdominal viscus through a diaphragmatic tear, 
and pneumothorax may be confused with air in the stomach (case 21). 


SUMMARY 


When the possibility exists of intra-abdominal or retroperitoneal or 
infraperitoneal injury in a wounded person, a diagnostic routine of 
examination is suggested, which will enable the surgeon to determine 
what procedures are indicated. 

The prime consideration. is the plotting of the course of the missile. 
This is determined by the location of the wound or wounds and by 
certain roentgenologic observations. Inspection and palpation occa- 
sionally further aid in mapping the track of the projectile. Further 
diagnostic steps of importance are inspection of the wounds, abdominal 
and rectal palpation, urethral catheterization and roentgenologic exami- 
nation. The general condition of the patient, his complaints and the 
findings at abdominal auscultation are less significant but still of value. 
The pitfalls of the various diagnostic steps have been described. 

Having considered all the factors enumerated, one should be in a 
position to decide whether, and what type of, surgical treatment is 
indicated. Further, if the press of work is great, a priority number 
for surgical treatment may be assigned to the patient. One should be 
able to determine the most suitable approach (midline, subcostal, trans- 
diaphragmatic or other). Occasionally, in spite of all preoperative 
attempts at accurate appraisal, the presence or absence of intra-abdominal 
damage is not established. In these cases, surgical exploration of the 
wound may complete the diagnosis, but if uncertainty remains laparot- 
omy is then mandatory. 


The cases reported have been selected from the operative records of one 
general surgical team of an Auxiliary Surgical Group. 
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CETYLPYRIDINIUM CHLORIDE AS A CUTANEOUS 
GERMICIDE IN MAJOR SURGERY 


A Comparative Study 


H. H. HAGAN, M.D. 


Professor of Surgery, Acting Head of Department, University of Louisville School of Medicine 


CHARLES H. MAGUIRE, M.D. 
Assistant Professor of Surgery, University of Louisville School of Medicine 
AND 


WALTON H. MILLER, M.D. 
Instructor in Surgery, University of Louisville School of Medicine 
With the technical assistance of LETITIA KIMSEY, M.A., Associate in Bacteriology 
LOUISVILLE, KY. 


HIS is a report of a study conducted on 575 patients in the surgi- 

cal service of the Louisville General Hospital to determine the 
effectiveness of a relatively new germicide, cetylpyridinium chloride, as a 
cutaneous antiseptic. It was compared with other germicides used 
as cutaneous antiseptics in major surgical procedures for routine pre- 
/perative preparation. The germicides used for comparison were selected 
as to type of compound and represented a mercurial, a combined cresol 
and mercurial and a cationic detergent. 


OBJECTIVE OF THE STUDY 


In conducting a study of the relative value of any chemical germi- 
cide to be used for cutaneous antisepsis immediately prior to operation, 
we recognized that the structure of the skin itself is such that its com- 
plete sterilization is impossible. The chief objective in preoperative 
preparation is actually a reduction in the number of pathogenic bac- 
teria, or a quanitative and qualitative “degerming.” Most of the 
published reports of studies of germicides used for cutaneous antisepsis 
have shown only the degree of degerming immediately after application 
of the germicide, or conclusions have been drawn regarding the value 
of the germicide from the incidence or the absence of postoperative 
infection. 

Such studies may lead to fallacious interpretations for a number of 
reasons. The swab taken from the area to which a germicide has been 
applied may pick up enough of the germicide to effect bacteriostatic or 


From the Department of Surgery, University of Louisville School of Medi- 
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Wm. S. Merrell Company, Cincinnati. 
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germicidal action when transferred into the culture medium, provided 
there is not a sufficient quantity of medium to nullify this possibility. 
Postoperative infections are not a reliable index of the efficacy of a 
germicide. 

In major surgical treatment the patient is subjected to anesthesia and 
operative procedures over varying periods, during which he is pur- 
posely kept warm. Consequently, there is sweating, and bacteria are 
“floated out” of the deeper structures of the skin, such as the crevices 
and the sweat and sebaceous glands, and these are potential contami- 
nants provided the initial germicidal action of the antiseptic is not sus- 
tained over a long period. Therefore, study of immediate degerming 
action of a cutaneous antiseptic becomes merely an academic question ; 
the duration of its action and the degree of its action when diluted with 
secretions of the skin are a true measure of its efficiency in major surgi- 
cal procedures. Lovell * has pointed out the importance of the considera- 
tion of both the transient bacteria located on the surface of the skin and 
the resident bacteria in the deeper structures of the skin in studying 
cutaneous antisepsis by chemical germicides. 
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Structural formula of cetylpyridinium chloride. 
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DESCRIPTION OF CETYLPYRIDINIUM CHLORIDE 









Cetylpyridinium chloride is in the class of cationic detergents and is a 
quaternary ammonium compound with a single alkyl group. It has the 
structural formula shown in the chart. It will be noted that it does not 
contain in its molecular structure mercury or other heavy metal, phenol 
or cresol or the benzene ring. Not all cationic detergents have germi- 
cidal activity. Shelton and co-workers? found a definite correlation 
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between structure and germicidal activity when studying various quater- 
nary ammonium salts. They found, in studying pyridinium chlorides, that 
the cetyl (C,,H,;.) pyridinium compounds were much more active than 
compounds containing the lauryl (C,,H,;.), myristil (C,,H.».) or 
stearyl (C,,H,,;.) groups. 

Cetylpyridinium chloride is a surface-active agent, which gives it 
detergent, wetting and cleansing action and causes it to penetrate into 
crevices of the skin or wound as well as into the bacterial cell wall. 


Blubaugh and co-workers * studied the germicidal activity in vitro 
of cetylpyridinium chloride and compared it with that of well known 
germicides. The action was demonstrated to be bactericidal and not 
bacteriostatic ; it was not selective but covered a broad bacterial spec- 
trum; it was equal to or surpassed in germicidal activity all the other 
compounds studied. 


Because the limited value of the phenol coefficient test in evaluating 
germicidal solutions has been recognized, results of in vivo studies have 
been published, correlating the germicidal activity of cetylpyridinium 
chloride in living tissue and its toxicity to tissues. Sarber* demon- 
strated that cetylpyridinium chloride, in comparison with other cutaneous 
germicides, had a relatively high efficiency as to penetration and activity 
in the presence of tissue. 


Green and Birkeland ° found that cetylpyridinium chloride was capa- 
ble of reducing definitely the degree of infection in experimental Staphy- 
lococcus aureus infections of the living chorioallantoic membrane of the 
chick embryo. Solutions of iodine and chloroazodin had little or no 
therapeutic effect; phenol, sodium-4-nitro-5-hydroxymercuriorthocresol 
and sodium ethylmercurithiosalicylate had no demonstrable effect under 
the conditions of this test. 

Green,® using the chick embryo technic, studied the relationship of 
the therapeutic effectiveness, germicidal action and chemical structure of 


a number of cationic and anionic detergents. Cetylpyridinium chloride 





3. Blubaugh, L. V.; Botts, C. W., and Gerwe, E. G.: A Study of the Germi- 
cidal Properties of Cetylpyridinium Chloride, J. Bact. 39:51, 1940. Blubaugh, 
L. V.; Gerwe, E. G.; Botts, C. W., and Helwig, H. L.: Further Observations on 
the Germicidal Activity of Cetylpyridinium Chloride, J. Bact. 41:34, 1941. 


4. Sarber, R. W.: An in Vivo Method of the Evaluation of Germicidal Sub- 
stances Used for Skin Disinfection, J. Pharmacol. & Exper. Therap. 75:277-281, 
1942. 

5. Green, T. W., and Birkeland, J. M.: The Use of the Chick Embryo in 
Evaluating Disinfectants, Proc. Soc. Exper. Biol. & Med. 51:55-56, 1942; The 
Use of the Developing Chick Embryo as a Method of Testing the Antibacterial 
Effectiveness of Wound Disinfectants, J. Infect. Dis. 74:33-36, 1944. 
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was found to be the most effective of all compounds studied, as shown 
by the number of embryos surviving with no evidence of infection. 


In all these in vivo studies, cetylpyridinium chloride was reported to 
be capable of acting in the presence of tissue and of preventing infection 
without serious harm to the tissues studied. The crucial test of a germi- 
cide for clinical use is a determination (for example, by the Welch- 
Hunter‘ test) of the toxicity index, which is the ratio of the weakest 
dilution of the substance which is found germicidal and the strongest 
concentration harmless to tissue cells. It is obvious that a substance that 
has a toxicity index of 1 or more is toxic to tissue in germicidal concen- 
tration. Under the conditions of the Welch-Hunter toxicity test, cetyl- 
pyridinium chloride has a toxicity index of 0.49, indicating that it is 
twice as toxic to bacteria as to the tissue cells studied. 

Warren and co-workers,® in pharmacologic and toxicologic studies, 
determinéd the effect of local applications of cetylpyridinium chloride to 
the scarified skin of rabbits by means of gauze pads saturated with 
various concentrations of aqueous solutions of cetylpyridinium chloride 
held in place for twenty-four hours. Concentrations less than 1 : 250 had 
no irritating effect. Irrigation of experimental wounds with 1: 1,000 
solution did not interfere with healing. ' 

Clarke * compared the bactericidal action of cetylpyridinium chloride, 
tincture of iodine and a mercurial antiseptic on the intact skin and, at the 
same time, made patch tests with these substances to determine whether 
any irritation was produced. The 1: 200 tincture and the 1 : 200 aqueous 
solution of cetylpyridinium chloride under the conditions of the test had 
a greater bactericidal efficiency and were free from irritating action. 
lodine and the mercurial produced irritation in some of the cases studied. 

Kramer and Sedwitz *° used cetylpyridinium chloride for preopera- 
tive preparation in combination with a special soapless technic for a large 
series of patients. No irritation was observed. The authors stated that 
there was no postoperative infection, but this alone is not an index 
of therapeutic efficacy. In the discussion of bacteriologic technic, no 
mention is made of a provision for the prevention of a transfer or a 


carry-over of the germicide by means of the swab from the prepared 
skin to the culture medium. 


7. Welch, H., and Hunter, A. C.: Method for Determining the Effect of 
Chemical Antisepsis on Phagocytosis, Am. J. Pub. Health 30:129-137, 1940. 

8. Warren, M. R.; Becker, T. J.; Marsh, D. G., and Shelton, R. S.: Phar- 
macological and Toxicological Studies on Cetylpyridinium Chloride, a New 
Germicide, J. Pharmacol. & Exper. Therap. 74:401-408, 1942. 

9. Clarke, G. E.: Skin Sterilization with Cetylpyridinium Chloride, Urol. & 
Cutan. Rev. 46:245-246, 1942. 

10. Kramer, G. B., and Sedwitz, S. H.: Ceepryn: Clinical and Bacteriological 
Studies, Am. J. Surg. 63:240-245, 1944. 











He 
in ma 
cetylp" 
minute 
vided 
mined 
These 
gent ) 
tinctu 
theore 
ing Ww 


TI 
l. 
single 


i: 
3. 
hydre 
nerc} 
omp 
4 
‘hlor 
deter 


In 
‘arry: 
durati 
bacte! 

In 
patier 
done 

A 
or ot 
been 
right 
\ sit 

T 
the 1 
chlor 
the « 





1 


diniv 


wn 


es, 

to 
ith 
ide 
iad 
100 


de, 
he 
1er 
US 
ad 
yn. 
ed. 


fa- 
lat 
ex 


no 


ed 


ar- 
ew 


cal 


HAGAN ET AL—CETYLPYRIDINIUM CHLORIDE 153 


Helmsworth and Hoxworth," after extensive investigation of the use 
in major surgical procedures of various solutions and tinctures of 
cetylpyridinium chloride by various technics, found that a five to ten 
minute scrub of the operative field with a 1: 100 aqueous solution pro- 
vided the most effective quantitative degerming of the skin, as deter- 
mined by cultures of swabs and of skin (removed as for a pinch graft). 
These authors pointed out the incompatibility of soap (an anionic deter- 
gent) and cetylpyridinium chloride (a cationic detergent). In this series, 
tincture of green soap is used in preparation of. the operative site, but, 
theoretically at least, all traces of soap are removed by subsequent wash- 
ing with water and ether. 


CUTANEOUS ANTISEPTICS USED IN THE STUDY 

The following antiseptics were used: 

1. Cetylpyridinium chloride, representing a cationic detergent with a 
single alkyl radical. 

2. Sodium ethylmercuri thiosalicylate (tincture of merthiolate 
|: 1,000), representing an organic mercurial compound. 

3. Mixture of equal parts of secondary amyltricresols and ortho- 
hydroxyphenylmercuric chloride in 1: 1,000 concentration (tincture of 
mercresin ), representing a combination of cresolic and organic mercurial 
ompounds. 

4. Mixture of high molecular alkyl dimethyl benzyl ammonium 
chlorides (tincture of zephiran chloride 1: 1,000), representing a cationic 
detergent with several alkyl radicals. 


METHOD 


In the method of study the aforementioned points relating to prevention of 
‘arry-over of the germicide to the bacteriologic medium, the penetration and 
duration of action of the germicide (quantitative degerming) and the selective 
bactericidal action (qualitative degerming) were taken into consideration. 

In the study, the usual operating technic was employed on 575 consecutive 
patients who were suitable for the method used. Preparation of patients was 
done by all members of the surgical house staff, using a standard routine. 

After the patient arrived in the operating room and the abdomen, leg, chest 
or other portion of the body had been exposed, a swab which had previously 
been moistened in isotonic solution of sodium chloride was swabbed across the 
right side of the exposure and then placed in 150 cc. of the culture medium. 
\ similar procedure was done on the left side of the exposure. 

The skin was then washed with tincture of green soap, water and ether and 
the right side of the exposed skin painted with two coats of cetylpyridinium 
chloride and the left side of the exposed area painted with two coats of one of 
the other skin antiseptic agents. 


11. Helmsworth, J. A., and Hoxworth, P. I.: A Clinical Appraisal of Cetylpyri- 
dinium Chloride as a Skin Antiseptic, Surg., Gynec. & Obst. 80:473-478, 1945. 
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After the area was allowed to dry, a second set of swabs was taken, one 
from the right and one from the left side, and placed in 150 cc. of broth medium. 
At the conclusion of the operative procedure, a third set of swabs was taken, 
one from the right and one from the left side, care being taken that if the field 
had become contaminated during operation:the last set of swabs was taken well 
away from the area of contamination. These, also, were placed in 150 cc. of 
broth medium, and then the mediums were incubated at 37.5 C. for seven days. 
Gram-stained slides were then studied for the bacteriologic flora present at the 
conclusion of incubation. 

It should be noted that the effectiveness of the two germicides under study 
at any one time was determined against the bacterial flora of each individual 
patient. This constitutes a more closely controlled study than when tests for 
germicidal action are made on different series of patients, whose bacterial flora 
may vary as to pathogenicity and type. 

The bacteriologic medium used was dextrose tryptose agar broth (B-63 Difco), 
and it will be noted that each swab was placed in 150 cc. of the medium. It was 
shown by test that the amount of germicide picked up from the skin by the swab 
was diluted to inactive concentration both in regard to bactericidal and bacteriostatic 
action when placed in 150 cc. of the broth. The use of the large amount of 
medium for each swab prevented any carry-over of the germicide in sufficient 
quantity to interfere with subsequent growth of the bacteria and with a true 
interpretation of the cultural results. It is now realized that this is extremely 
important, and procedures which do not take this into consideration may yield 
inaccurate and unreliable results. 

Many organisms were encountered in the bacteriologic study, some of which 
were in all probability not pathogenic. Only the gram-positive diplococci., 
staphylococci, streptococci, gram-negative rods, actinomycetes and diphtheroids 
were classed as pathogenic contaminants. Gram-positive rods with spores, yeast- 
like organisms, tetrads and micrococci were disregarded in this report. 


RESULTS 


1. Germicidal Efficiency at the Beginning and the End of Operation. 
—Cetylpyridinium Chloride and Merthiolate: This was used on a group 
of 200 patients. The primary swabs (before preparation) showed that 
191 patients had organisms classed as pathogenic contaminants. After 
application of cetylpyridinium chloride, 117 (61.3 per cent) were 
negative. At the close of the: operation, 90 (47.1 per cent) were nega- 
tive, representing a 23.1 per cent loss of efficiency of this germicide 
during the course of the operation. After application of merthiolate 134 
(70.2 per cent) were negative and at the close of the operation 73 (38.2 
per cent), a 45.5 per cent loss in efficiency. 

Cetylpyridinium Chloride and Mercresin: This was used on 
177 patients. Before preparation 163 swabs showed positive contami- 
nation. After application of cetylpyridinium chloride, 90 (55.5 per 
cent) were negative and at the close of the operation 77 (47.2 per cent), 
a 14.4 per cent loss of efficiency during the operation. After application 
of mercresin, 112 (67.8 per cent) were negative and at the close of 
the operation 76 (46.6 per cent), a 32 per cent loss in efficiency. 
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Cetylpyridinium Chloride and Zephiran Chloride: This was used 
on 198 patients. Before preparation 156 primary swabs showed posi- 
tive contamination. After application of cetylpyridinium chloride 77 
(49.4 per cent) were negative and at the close of the operation 57 (36.5 
per cent), a 26.1 per cent loss in efficiency. After application of 
zephiran chloride 73 (46.8 per cent) were negative and at the close of 
the operation 59 (37.8 per cent), a 19.2 per cent loss in efficiency. 


The results are shown in table 1. 


TaBLe 1.—Comparative Germicidal Effectiveness at Beginning and End of Operation 














Effectiveness 
>. 





Number of . 
Positive Immediately Loss of 
Swabs After At Close of Germicidal 
Total Cases Before Preparation, Operation, Efficiency, 
Tincture Used Studied Preparation % % % 


Cetylpyridinium chloride 200 191 3 47.1 
Merthiolate 200 191 . 38.2 


Cetylpyridinium chloride 177 163 5. 47.2 
Mercresin 163 : 46.6 


Cetylpyridinium chloride 198 156 4 36.5 
Zephiran chloride 198 156 3. 37.8 


BS Se RS 
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2. Effect of Time Element on Germicidal E fficiency.—Cetylpyri- 
dinium Chloride and Merthiolate: In operative procedures lasting one 
hour, cetylpyridinium chloride remained effective in 52 per cent of 
the cases and merthiolate in 42 per cent. In those lasting one and 
one-half hours, cetylpyridinium chloride was effective in 45 per cent 
and merthiolate in 43 per cent. In those lasting two hours, cetylpyri- 
dinium chloride was effective in 42 per cent and merthiolate in 48.5 per 
cent. In those lasting two and one-half hours, cetylpyridinium chlo- 
ride was effective in 29 per cent and merthiolate in 35 per cent. In 
those lasting over two and one-half hours, cetylpyridinium chloride and 
merthiolate were both effective in 33 per cent. There were too few 
procedures which lasted over two hours to give an accurate or reliable 
estimate of the effectiveness of any germicide used. 

Cetylpyridinium Chloride and Mercresin: For procedures of vari- 
ous durations the effectiveness of the germicides was as follows: one 
hour, cetylpyridinium chloride 47.5 per cent and mercresin 39 per cent; 
one and one-half hours, cetylpyridinium chloride 44 per cent and mer- 
cresin 50 per cent; two hours, cetylpyridinium chloride 48 per cent 
and mercresin 35 per cent; two and one-half hours, cetylpyridinium 
chloride 64 per cent and mercresin 50 per cent, and over two and one- 
half hours, cetylpyridinium chloride 50 per cent and mercresin 0 per cent. 

Cetylpyridinium Chloride and Zephiran Chloride: For procedures 
of various durations the per cent effectiveness of these two germicides 
is as follows: one hour, ¢etylpyridinium chloride 34 per cent and zephiran 
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chloride 33 per cent; one and one-half hours, cetylpyridinium chloride 
40 per cent and zephiran chloride 37 per cent; two hours, cetylpyridin- 
ium chloride 21 per cent and zephiran chloride 29 per cent; two and 
one-half hours, cetylpyridinium chloride 40 per cent and zephiran chlo- 
ride 20 per cent, and over two and one-half hours, cetylpyridinium 
chloride 71 per cent and zephiran chloride 57 per cent. 


Table« 2 presents these results and gives the number of cases in 
each group. 


3. Comparison of Effectiveness Against Specific Organisms.—Cetyl- 
pyridinium Chloride and Merthiolate: When staphylococci were present 
in the culture from the primary swab, 67 per cent were rendered nega- 
tive by cetylpyridinium chloride and 73 per cent by merthiolate. Against 
diphtheroids, cetylpyridinium chloride was 65 per cent effective and 
merthiolate 85 per cent. Against aerobic streptococci the per cent 


TABLE 3.—Comparison Chart of Cetylpyridinium Chloride and Other Antiseptic 
Agents in Effectiveness Against Specific Organisms * 











Staphylococci * Diphtheroids * Streptococci * 
- YH 7-H “* —— 
1 2 3 4 1 2 3 4 1 2 3 4 
Cetylpyridinium 
chloride......... 186 125 61 67% 52 34 18 657% 40 38 2 95% 
Merthiolate....... 185 134 51 73% 52 44 8 857% 30 29 1 97% 
Cetylpyridinium 
chloride......... 110 110 «= 47 70% 43 43 15 874% 20 W 1 95% 
Mercresin......... 118 118 42 74% 48 48 ll 81% 15 15 0 100% 
Cetylpyridinium 
chloride......... 180 105 75 58% 54 34 20 «63% 23 21 2 91% 
Zephiran chloride. 187 99 88 53% 54 35 19 65% 19 19 0 100% 





* Explanation of data: In column 1 are listed the total number of patients infected. In 
column 2 are listed the number of patients in whom the organism was absent after applica- 
tion of the germicide. In column 3 are given the number of patients in whom the organism 
was present after application of the germicide. In column 4 are given the percentages of 
effectiveness of the germicide. 


effectiveness of cetylpyridinium chloride was 95 per cent and merthiolate 
97 per cent. 

Cetylpyridinium Chloride and Mercresin: Against staphylococci, 
cetylpyridinium chloride was 70 per cent effective and mercresin 74 per 
cent. Against diphtheroids, cetylpyridinium chloride was 74 per cent 
effective and mercresin 81 per cent. Against aerobic streptococci, cetyl- 
pyridinium chloride was 95 per cent effective and mercresin 100 per cent. 

Cetylpyridjnium Chloride and Zephiran Chloride: Against staphylo- 
cocci, cetylpyridinium chloride was 58 per cent effective and zephiran 
chloride 53 per cent; against diphtheroids, cetylpyridinium chloride 63 
per cent and zephiran. chloride 65 per cent; against streptococci, cetyl- 
pyridinium chloride 91 per cent and zephiran chloride 100 per cent. 

These results, including the number of cases involved, are shown 
in table 3. 
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COMMENT 
Before the statistics are discussed, it is of interest to note that there 
was an average of 30 per cent skin contaminations at the time of opera- 
tion. One might suspect that there would be a high incidence of post- 
operative infection. This has not been true, however, in this hospital, 
and the statistics compare favorably with those of other hospitals of 
similar size. As stated in the introduction, the presence or absence of 
postoperative infection is not, per se, an index of the efficacy of the 
skin antiseptic used in immediate preoperative preparation. 

Although no anaerobic organisms were isolated, they were undoubt- 
edly present and probably could have been demonstrated had addi- 
tional laboratory facilities been available. The organisms listed as 
contaminants may or may not have been pathogenic, but the laboratory 























facilities necessary to determine this and to type the organisms were 
not available. It is well known that any culture of mixed organisms 
when incubated over a seven day period tends to become a pure culture 
of the predominant organism. The staphylococcic organism, particu- 
larly, is capable of crowding out less hardy organisms, and it may be 
that the scarcity of organisms culturable after the application of the 
various cutaneous antiseptics is due in part to this factor, rather than 
to the germicidal effect of the agent used. 

In reviewing the first portion of the study, which evaluates the 
maintenance of germicidal effectiveness throughout the operation, the 
statistics indicate that 1:1,000 tincture of cetylpyridinium chloride 
retains its initial effectiveness in a greater per cent of cases than does 
the mercurial or the cresolic-mercurial antiseptic. When compared with 
another cationic detergent germicide, the results were not significantly 
different. 





In the second portion of the study, the time element was plotted 
against the degree of effectiveness. It will be noted that, while the 
initial effectiveness of cetylpyridinium chloride was slightly less than that 
of the mercurials, after the lapse of periods of one hour and two hours 
its effectiveness was slightly greater. The statistics after two hours are 
in all probability unreliable, since relatively few operations lasted over 
two hours. Again, there was no significant difference in the two 
cationic agents. 


The third portion of the study reveals that there is no material 
difference in the effectiveness of the various germicides studied against 
staphylococci and aerobic streptococci. Against diphtheroids, cetyl- 
pyridinium chloride appeared to be less active than merthiolate but 
had approximately the same activity as the other compounds studied. 
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SUMMARY 


\ study of cetylpyridinium chloride shows that it is detergent and 
germicidal, both in vitro and in vivo, and it has a favorable toxicity 
index. Clinically, in therapeutic concentrations it is relatively non- 
irritating. The germicidal efficiency of a 1: 1,000 tincture of cetylpyri- 
dinium chloride as a cutaneous germicide for preoperative preparation 
for major surgical procedures has been compared with that of three 
other agents, representing a mercurial, a combined cresolic-mercurial 
preparation and another cationic detergent. In each case, the two germi- 
cides under test at any one time were applied to the same person. 
Due regard was taken to prevent distortion of cultural statistics by a 
transfer of the germicide by the swab from the skin to the culture. 
sermicidal effectiveness of the various antiseptics used was determined 
it the beginning and the end of the operation, showing the degree and 
luration of the germicidal action and the per cent loss in efficiency in 
elation to elapsed time. The activity of these antiseptics against 
specific organisms was computed. 


CONCLUSIONS 
1. The usual preoperative preparation technic including the use of 
irious cutaneous antiseptics proved to be not over 70 per cent effective 
ridding the operative field of culturable organisms. 
2. Those antiseptics having a detergent or wetting action definitely 
etained their initial effectiveness for longer periods than did the 
iercurial and cresolic-mercurial compounds. 


3. All antiseptics used were definitely effective against aerobic 
treptococci, somewhat less effective against diphtheroid and considerably 
less effective against staphylococcic organisms. 


4. Cetylpyridinium chloride in the form of a 1:1,000 tincture com- 
pared favorably in all studies with other cutaneous antiseptics used. 





SYNTHETIC ADHESIVES IN THE TREATMENT OF WOUNDS 
OF THE LIVER AND OTHER SURGICAL CONDITIONS 


A Preliminary Report 


M. LESTER LOWRY, M.D. 
BEVERLY HILLS, CALIF. 


N SEPTEMBER 1943, I conceived the idea of attempting to control 
hemorrhage in abdominal viscera and elsewhere by the application 
of the so-called commercial Scotch tape. 


The adhesiveness of this material in extirpated chicken organs was 
established in preliminary experiments. In dead animals, severed nerves 
and arteries were also held together by this substance, as were cut skin 
edges. 

EXPERIMENTAL STUDIES 


Rabbits 3 to 5 months old were selected for the in vivo experiments. T: 
date, 17 rabbits have been operated on, with 1 death. Eleven additional rabbits 
comprised a control group. Of these, 8 rabbits died in the first twenty-four 
hours and 3 lived. 


In each operation, a large pie-shaped section of the rabbit liver was com- 
pletely extirpated. No attempt was made to control the profuse bleeding with 
sutures or packs or by bringing together the sides of the wound in the liver. 
Instead, the resulting hiatus was covered only by an envelope of Scotch tape. 
Various technics were tried. The one found most satisfactory consisted in cover- 
ing the upper and the lower surfaces of the aperture in the liver with two strips 
of tape. These strips were brought together at the edge of the liver and the 
excess tape material cut away. The resulting Scotch tape envelope, adhering to 
the intact liver on all sides, formed a leak-proof nidus for the formation of the 
primary clot. Sponging with gauze and light digital pressure on the liver above 
the wound controlled the bleeding sufficiently to insure the adhesion of the tape. 
Different types of tapes showed varying degrees of adhesiveness. Undoubtedly 
the present technic can be much improved. A minof irritation is the tendency of 
the tape to adhere to the gauze and to rubber gloves. In all animals, final 
adherence of the tape to the liver was accomplished. Closure of the rabbit's 
abdomen was accomplished with sutures, with Scotch tape layered over the skin- 

Ether was the anesthetic used. *Operating facilities in these experiments 
were extremely crude, so that surgical asepsis could not be obtained. No attempt 
was made to sterilize the tape itself. In the earlier experiments, the instruments 
were not sterilized, this doubtless being the cause of the 1 death from peritonitis 
in the series. 

The tape retained its adhesiveness in climatic conditions varying from the 
dryness of Texas to the moist heat of the New Guinea jungle. 


Presented before the Society for Experimental Biology and Medicine, Rocky 
Mountain Branch, at the University of Utah, Salt Lake City, May 26, 1945. 
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After the closure of the abdomen, with the gap in the liver enveloped only 
by the tape, the rabbits were returned to their cages for further study. Autop- 
sies were performed on all animals at periods of from two to five weeks follow- 
ing the extirpation of the section of liver. In these experiments, the wound in 
the liver was selected as representing a type of hemorrhage extremely difficult 
to control. 

The animals were killed by large inhalations of ether and the abdomens 
opened. Particular attention was directed to the absence or presence of blood 
r adhesions within the abdominal cavity. Sections were prepared, and a minute 
tudy of the healed portions of the liver was made and-also of the portion not 
erated on. 

In the 11 rabits used as controls, small sections of the liver were extirpated 
nd the abdomen closed, with the raw edges of the cut liver surface uncovered 
‘ any material. 

SCOTCH TAPE 

The ordinary commercial Scotch tape is made of three layers: 
|) a backing, usually cellophane; (2) a filler or a binder, of rope 
tock, and (3) an adhesive face of crude rubber or some synthetic 
ibstitute. On the first 3 rabbits, the ordinary commercial Scotch tape 
vas utilized. 

At my suggestion, the Minnesota Mining and Manufacturing Com- 

pany, the makers of Scotch tape, developed new and experimental 
nthetic combinations for further investigation on animals. 

Experiments by me, corroborated by separate investigations of the 
Naval Medical Research Institute, have demonstrated that types of 
Scotch tape may be sterilized by autoclaving at 15 pounds (6.8 Kg.) 

' pressure for fifteen minutes without impairment of any essential 
tality. The question of chemical sterilization is also under consideration. 


To date, eleven different synthetic combinations of Scotch tape have 
een manufactured for these experiments. The backings for these com- 
linations consist of either (1) cellophane or (2) polyvinyl alcohol. 
\ll but one experimental sample contain rope stock paper filler. Various 
adhesives, such as crude rubber, polyisobutylene,,Buna S and synthetic 
resin adhesives, have been incorporated into the facing surface of the 
tape. 


EXPERIMENTS ON RATS 


Small pieces of the various Scotch tapes were inserted intraperitoneally in 2 
month old white rats, the abdomen closed and the animals returned to their cages. 
Thirty days later the rats were killed. The intraperitoneal reaction and the extent 

f the absorption of the different tapes were studied. Results are given in table 1. 


All animals except rabbit 2 resumed their normal diet and mode 
of life on the second postoperative day. In all animals bleeding from 
the liver was completely controlled, and no evidence of intra-abdominal 
hemorrhage was found. 

Rabbit 2 died on the fourth day after the operation, of a generalized 
peritonitis. This undoubtedly was the result of not sterilizing instru- 
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ments, which in the operations on the first 2 rabbits were only dipped 
in alcohol. There was, however, no evidence of intra-abdominal 
bleeding. 

Under ether anesthesia, the first rabbit was reoperated on on the 
twenty-first day. No intra-abdominal adhesions were noted, and no 
evidence was found of the Scotch tape on the surface of the liver. As 
a matter of fact, the operative scar on the liver was so obscure as to 
necessitate killing the animal and completely removing the liver. 

The liver was incised at the site of the previous operation and a 
section removed for microscopic study. A small sterile abscess was 
found within the liver itself, in which were small particles of the Scotch 
tape incompletely absorbed. The abscess was localized and completely 








TasLe 1.—Results of Experiments on Rabbits 


Rabbit Type of Tape Result 


1 Cellophane, rope stock, crude rubber............ Uneventful recovery; killed 21 days 
postoperatively 
2 Cellophane, rope stock, crude rubber............ Died on fourth postoperative day o! 
diffuse peritonitis 
3 Cellophane, rope stock, crude rubber............ Uneventful recovery; killed at 21 days 
A Acetate fiber, rope stock, polyisobutylene....... Uneventful recovery; killed at 21 days 
5 Acetate fiber, rope stock, polyisobutylene....... Uneventful recovery; killed at 28 days 
6 Cellophane, rope stock, polyisobutylene........ Uneventful recovery; killed 28 days 
postoperatively 
7 Cellophane, rope stock, Buna S................. Uneventful recovery; killed at 28 days 
8 Cellophane, rope stock, synthetic resins......... Uneventful recovery; killed at 28 days 
9 Polyvinyl alcohol, rope stock, polyisobutylene. Uneventful recovery; killed at / days 
10 Polyvinyl alcohol, rope stock, Buna 8.......... Uneventful recovery; killed at / days 
11 Polyviny! alcohol, rope stock, synthetic resins.. Uneventful recovery; killed at 7 days 
12 Polyviny! alcohol, rope stock, crude rubber..... Uneventful recovery; killed at 7 days 
13 Polyviny! alcohol, rope stock, synthetic resins.. Uneventful recovery; killed at 14 days 
14 Polyviny! alcohol, rope stock, synthetic resins.. Uneventful recovery; killed at 21 days 
15 Polyvinyl! aleohol, rope stock, synthetic resins.. Uneventful recovery; killed at 28 days 
16 Polyviny! alcohol, rope stock, synthetic resins.. Uneventful recovery; killed at 35 days 
17 Polyvinyl alcohol, rope stock, crude rubber..... Uneventful recovery; killed at 28 days 





encapsulated and apparently had caused the animal no harm. Scar and 
parenchymal tissue from the liver had grown over and engulfed the tape 
within the organ. 

Microscopic sections from this area revealed surprisingly little severe 
tissue reaction. Laterally, the scar faded out into apparently normal 
liver parenchyma. 

Within the sterile hepatic abscess, there was no evidence of pro- 
longed bleeding. Microscopic sections demonstrated a rather definite 
line of demarcation at which the bleeding had apparently stopped. The 
predominant zones were: (1) normal liver parenchyma; (2) red blood 
cells; (3) polymorphonuclear leukocytes and foreign body substance, 
and (4) fibrous scar tissue in which liver parenchyma cells were also 
involved. 
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More than half a lobe of the liver was removed in rabbit 3, and 
bleeding was controlled only with considerable difficulty. That this 
rabbit lived at all was considered remarkable, as it was practically 
moribund following the shock of the removal of so large an amount 
of liver. However, on the fourth day it had fully recovered. The 
conditions observed at autopsy on the twenty-first day were similar 
to those in rabbit 1, except that for some reason the resulting abscess 
and encapsulation were nearer the surface of the liver. 

Rabbit 4, treated with tape containing acetate fiber and polyiso- 
uitylene, when examined at autopsy at twenty-one days showed a 


ij 


mall encapsulated intrahepatic abscess, a culture from which gave a 
erowth of Staphylococcus albus. The same organism was obtained 
irom immersing the Scotch tape in broth. 

Rabbit 5, in which tape containing acetate fiber and polyisobutylene 
as used, on which autopsy was performed at twenty-eight days showed 
‘+heesy material within the small foreign body capsule and particles of 
the incompletely absorbed tape. 

Killed at the end of four weeks, rabbit 6, treated with tape con- 
taining polyisobutylene adhesive, rabbit 7, treated with tape containing 
suna S, and rabbit 8, treated with tape containing synthetic resins (all 
three tapes had the cellophane and the rope stock backing), showed 
lightly more, but still incomplete, absorption of the tapes within the 
liver. In all 3, the resulting foreign body encapsulation within the 
liver contained soft cheesy material. In rabbits 6 and 7, some coils 
of the intestines adhered to the wound in the liver. 

It was then felt that a substance more absorbable than cellophane 
must be used. Numerous types of backings and adhesive facings were 
considered. In the Scotch tape used on the livers of rabbits 9 to 17 
polyvinyl alcohol film was used (together with rope stock paper filler ) 
instead of cellophane. 

Examined at autopsy at the end of one week, the livers of rabbits 
9, 10, 11 and 12 showed more complete absorption of the polyvinyl 
alcohol tape and less tissue reaction than was evidenced at the end of 
one month in the livers treated with the cellophane Scotch tape. 

Rabbit 11, in which the tape containing polyvinyl alcohol with 
synthetic resins adhesive was used, showed by far the greatest aborption 
of tape by the liver, together with the least tissue reaction. Next in 
line on the basis of these two qualities were rabbits 9 and 12, treated 
with the polyvinyl alcohol, polyisobutylene and crude rubber tapes. 
Of the four polyvinyl alcohol film tapes used in these 4 rabbits, the 
Buna S adhesive (used in rabbit 9) showed the least ants tanen and the 
greatest amount of tissue reaction. 

In attaching these tapes over the wound in the liver bleeding was 
most readily controlled with the polyvinyl alcohol and synthetic resin 
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tape. The adhesiveness of Buna S$ to the liver was less than that of 
either the polyisobutylene or the crude tapes. This difficulty was also 
encountered in the cellophane and Buna S adhesive (used in rabbit 7). 

Rabbits 13, 14, 15 and 16 were treated with polyvinyl alcohol and 
synthetic resin tapes and killed at two, three, four and five weeks 
respectively. In each of these animals, over the filled-in hiatus in the 
liver, was a small encapsulated cystic mass containing cheesy material. 
No sections of the Scotch tape could be distinguished as such in any 
of the livers. The caseous capsule, about % inch (0.65 cm.) in diameter 
in rabbit 13 to 3¢ inch (1 cm.) in rabbits 15 and 16, resulted, it was 
felt, from the incompletely absorbed rope stock paper filler of the 
Scotch tape. 

Tiny particles of unabsorbed tape were observed in the liver of 
rabbit 17, treated with tape containing polyvinyl alcohol and crude 
rubber adhesive, which was examined at autopsy at one month. Tissue 
reaction was slightly more pronounced than in the liver of rabbit 15, 
also killed at one month but treated with a polyvinyl alcohol and syn- 
thetic resins tape. 

Two attempts were made to control the bleeding from the liver 
with a special tape composed of polyvinyl alcohol film directly on a 
nonrubber adhesive, with the elimination of the rope stock filler. This 
tape was extremely stretchy and had been injured by exposure to 


the tropic heat and moisture; hence other types of tape had to be 


substituted for controlling the bleeding from the liver. 

In all animals except rabbit 2, the peritoneum itself showed little 
reaction. In rabbits 4, 5, 6, 7 and 8, there was some adherence of the 
surrounding intestines to the wound in the liver. In all animals, the other 
abdominal viscera were normal, as were the lobes of the liver not oper- 
ated on; normal liver parenchyma was found a short distance from 
the operative scar. 

RABBITS USED AS CONTROLS 

Eight of the 11 control rabbits died within twelve hours of intra- 
peritoneal hemorrhage. The remaining 3 rabbits recovered and were 
alive at the end of two weeks following the liver extirpation. These 
3 animals, the first of the controls operated on, had relatively small 
sections of liver removed. However, the resistance of rabbits to both 
trauma and infection is noteworthy, as evidenced by the survival of 
these 3 animals as well as the 16 in which unsterilized tape was intra- 
peritoneally implanted (table 2). 

The four most satisfactory tapes on the basis of intraperitoneal 
absorption in rats are: (1) polyvinyl alcohol and nonrubber adhesive 
(without rope stock filler); (2) polyvinyl alcohol, rope stock and 
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synthetic resins; (3) polyvinyl alcohol, rope stock and crude rubber, 

and (4) polyvinyl alcohol, rope stock and polvisobutylene. 
STERILIZATION OF 


SCOTCH TAPES 


Each of the samples tested was immersed in a sterile test tube infu- 
sion of brain-heart broth and autoclaved for twenty minutes at 120 C. 
TasLe 2.—I/ntraperitoneal Ab 
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film, 


l Cellophane stock, 


adhesive 


rope polyisobutylene Localized abscess; considerable tissue 
reaction and intestinal adhesions; 
tape incompletely absorbed 

Slight tissue reaction; no 
tape absorbed 
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Some tissue reaction; no visible 
or adhesions 
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| No 
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adhesive 
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No growth was obtained in any of the test tubes at the end of forty- 
eight hours. 

Another group of samples were placed in dry test tubes and auto 
claved under similar conditions. The various tapes were then exam 
(table 3) 
The 


and 


ined for adhesiveness, elasticity and resultant condition 


All tapes were capable of complete bacteriologic sterilization. 


a ° e . . 
tapes most satisfactorily ‘retaining their adhesiveness, 


elasticity 


TABLE 3.—Results lutoclaving 
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Polyvinyl rope 
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ness, (1) polyvinyl alcohol, rope stock and synthetic re 
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COMMENT 

These experiments demonstrate the feasibility of controlling visceral 
bleeding within the abdomen by the use of certain adhesives mounted 
on a thin film of cellophane or polyvinyl alcohol. 

Admittedly, 17 rabbits is too small a series on which to base definite 
conclusions. Yet the fact that 16 of 17 of these rabbits made normal 
recoveries, is of great significance, particularly in view of the operative 
technic used: extirpation of sizable portions of the liver with no 
approximation of the sides of'the gap or attempt to control hemorrhage 
other than enveloping the wound between an upper and a lower layer 
of Scotch tape. 

The rabbit’s well known resistance to infection is also acknowledged. 
This was essential, inasmuch as unsterilized tape was used in all 
instances. 

The death of the 1 animal of generalized peritonitis on the fourth 
day could be due to the unsterilized tape or instruments or to the 
generally inadequate operative technic. 

Of the control group of 11 animals, 4+ of the rabbits died within 
five hours after the operation and 4 survived almost twelve hours. 
The remaining 3 may be said to have recovered, demonstrating an 
intrinsic quality of the rabbit liver itself in its limitation of bleeding. 

But that no treated rabbit died of hemorrhage and that no evidence 
of intraperitoneal bleeding was found in any of the animals are of 
primary importance and justify further investigations for a tape structure 
meeting surgical qualifications. 

It was recognized after the pathologic examination of the liver 
of the first rabbit that, while the ordinary «Scotch tape of commerce 
might control bleeding, it was unsuitable for use in human beings, 
without modification. Furthermore, it was clear that certain synthesis 
and trial of such tapes must be carried on. 


1. The tape must be prepared and packaged sterilely or be capable 
of sterilization. 


2. The tape must adhere to the wound and control bleeding. 


3. The minimum of tissue reaction must. result. 


4. The tape itself must be completely absorbed by the tissues within 
six weeks. This criterion is of equal importance with the control of 
bleeding. 

The laboratories of the Minnesota Mining and Manufacturing Com- 
pany, at my suggestions, have produced the experimental tapes for these 
studies. Several new synthetic combinations, not included in this report, 
are available for further animal investigation. 
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I. Sterilization.—By autoclaving under pressure, it is possible to 
render any of these tapes absolutely sterile. While certain of these 
tapes retain most of their essential qualities, others (particularly those 
with the polyvinyl alcohol and the polyisobutylene without the rope 
stock filler) are completely dissolved by the autoclave. Vice Admiral 
Ross T. McIntyre has reported that the Naval Medical Research Insti- 
tute finds no deterioration of the adhesive qualities of the Scotch acetate- 
polyisobutylene tape after autoclaving. 

Nevertheless, it is believed that chemical sterilization may be found 
more advantageous. A new experimental tape is being produced, incor- 
porating phenylmercuric stearate as a germicide. 

Sterile packaging presents no undue problems. A sterile tape can 
be produced either by means of autoclaving or by means of chemicals. 

II, Adhesiveness and Control of Bleeding.—Of the adhesives tested 
in these experiments, the synthetic resins, from the standpoint both 
of adhesiveness and of control of bleeding, proved the most satisfactory. 
Acrylic esters are the chief components of the synthetic resin adhesive. 

Next in point of effectiveness were crude rubber and polyisobutylene 
(known as Vistonex). 

Buna S is the least satisfactory with regard to adhesiveness and 
control of hemorrhage. 

The chief difficulty of the operation usually ensues in controlling 
bleeding of the liver sufficiently to insure adherence of the tape. Dif- 
erent technics have been and are being tried. But in all instances the tape 
was made to adhere without too great difficulty. 

It was noted, however, that the bleeding from the liver was much 
more readily controlled when synthetic resins adhesives were applied. 
This was noticeable whenever this adhesive was used, regardless of a 
cellophane or polyvinyl backing. 

This striking antihemorrhagic quality of the highly polymerized 
synthetic resins requires further investigation. Some of the complex 
chemicals used in the synthetic resins are 


Polyvinyl alcohol (CHsCHOH). 

Methyl methacrylate CH:-C(CHsCOOCH:s) ; polymerized 
Casein-formaldehyde Condensation product; structure uncertain 
Glyptal resins CeHs«(COOCH2)2CHOH; polymerized 
Urea-formaldehyde HOCH:NH CO NH CH:0OH;; can be used as 


solution of solid resins, or liquid (“A” stage) 
resins can be used. 


Also to be considered as possible antihemorrhagic agents are the 
so-called plasticizers, used in resin adhesives to eliminate excessive 
brittleness. These substances also bear study: 
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Dimethyl phthalate CeHs(COOCHSs)» 
Dibuty! phthalate CoeHi( COOC,Hs») = 
Tricresyl phosphate (CeH,CHsO)sPO. 














Another possibility is Hexamethylenetetramine ( Urotropin ) 





Ill. Tissue Reaction.—It is difficult to ascertain precisely what 





chemicals or part of the Scotch tapes cause the reaction of the surround- 





ing tissue. Cellophane, however, caused more reaction than did the 






polyvinyl alcohol film. Apparently, of the adhesives the synthetic resins 





were the least irritating. It was also felt that the rope stock paper 









filler incorporated into the tape was an important source of tissue 





irritation, 






Il’. Absorbability.—Ot the Scotch tapes used in these experiments, 





the tape made of polyvinyl alcohol film backing, rope stock paper filler 






and synthetic resins adhesive proved the most readily absorbed by the 





liver. ‘This tape does not, however, meet specifications necessary) for 







use in human patients. 






While a few weeks following the original operation the intrahepatic 






abscess may not be found, a caseous semisolid mass is usually contained 






within the surrounding fibrous wound capsule. Even though appar- 






ently causing no damage to the perfect recovery of the rabbit, search 






for a more completely absorbable tape must continue. 






Polyvinyl alcohol is definitely superior to cellophane and acetate 





fiber as a film backing capable of being absorbed by the liver. The 






polyvinyl alcohol film, as such, was not found in the resulting scar i 






the liver, as was the case with particles of cellophane and acetate fiber 






in cannot be absolutely stated, but these studies indicate, that the 






synthetic resins adhesive is also capable of a pronounced degree oi 





absorption by the liver. This is the case, but to a lesser degree, with 






polyisobutylene, crude rubber and Buna S. 






Apparently these tapes are more readily absorbed intraperitoneally 





than within the liver parenchyma itself. For while the tapes of pol) 






vinyl alcohol, rope stock and synthetic resins, of polyvinyl alcohol. 






rope stock and crude rubber and of polyvinyl alcohol, rope stock and 






polyisobutylene were completely absorbed when inserted intraperitoneal]; 





in the rat, caseous material remained when these tapes were found 





within the rabbit's liver. 





Some of this residual material may result from infection and us¢ 





of unsterilized tapes. 






However, it is believed that this caseous matter is not polyvinyl 






alcohol or synthetic resins but a result of the breakdown of the rope 





stock paper filler. 






Early in these experiments, the importance of eliminating the rope 





stock paper binder was recognized. The first experimental polyviny] 
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alcohol and polyisobutylene tape produced without the paper filler was 
too flimsy and thin to be satisfactory. 

The laboratories of the Minnesota Mining and Manufacturing Com- 
pany have recently succeeded in producing such a tape, the direct 
coating of a synthetic resin adhesive onto a polyvinyl alcohol film 
backing, without using a rope stock filler. Also incorporated in the 
tape is phenylmercuric stearate as a germicide. 


I:xperiments on dogs and rabbits with this newly synthesized tape 


were conducted, utilizing the laboratories of the University of Utah 
School of Medicine and the University of Oregon Medical School. The 
results to date have shown this tape to more closely approximate the 
requirements essential to an ideal synthetic adhesive in the treatment 


of wounds and bleeding. 
SURGICAL POSSIBILITIES 


The development of a completely absorbable tape, capable of adher 
ing to tissue and controlling bleeding, will offer a new technic to the 
field of surgery. 

The possibilities of a perfected tape for war or general surgical 
procedures are many. 

In this preliminary report, hepatic wounds were selected as present 
ing a type of bleeding most difficult to control. A perfected absorbable 
tape should be useful in controlling bleeding anywhere within the 
body. For bleeding on the surface of the body, of course, an absorbable 
tape is not essential. In plastic surgery this tape should prove of great 
value. 

An oral surgeon has suggested the immediate use of this tape in 
operations on a cleft palate. However, until further research has been 
completed, the clinical use of this tape on human beings cannot be 
recommended. 

Other uses for which technics may be developed are repair of nerves, 
tendons and blood vessels; treatment in thoracic, brain, gastrointestinal, 
gynecologic, urologic and orthopedic surgical procedures, and rapid, 
effective treatment of war wounds. 


CONCLUSIONS 

The application of plastic adhesives, similar to the Scotch tape of 
commerce, is effective in controlling bleeding and causing healing in 
the livers of rabbits in which sizable sections have been completely 
removed. 

Of the various experimental tapes used, a polyvinyl alcohol backing 
and a synthetic resins adhesive held together by rope stock proved the 


most effective and caused the least tissue reaction. This chemical 
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combination, except for a caseous residue, at the end of four weeks 
was apparently absorbed within the liver. Incomplete absorption of 
the rope stock paper, it is felt, causes this residue. 

A new polyvinyl alcohol and synthetic resins tape, eliminating this 
rope stock but incorporating a germicide, has just been produced. 
Further experimentation in animals with this and other tapes must be 
completed with continued sterilization studies before clinical application 
can be considered. 

The possibilities are bright for the perfection of this tape and 
technic. 

SUM MARY 

1. Seventeen rabbits had sections of their livers removed and the 
gap covered above and below by an envelope of a variety of Scotch 
tape. Sixteen of the animals made complete and normal recoveries, 
being killed at the end of from one to five weeks for the study of their 
livers. One rabbit died of peritonitis on the fourth postoperative day. 

2. In all animals, bleeding from the wound in the liver was 
controlled by the envelope of Scotch tape, with no evidence of intra- 
abdominal hemorrhage. A small localized, encapsulated abscess or a 
caseous residue surrounded by fibrous tissue was the usual pathologic 
finding. 

3. Eleven rabbits were operated on to serve as a control group, 
the abdomen being closed with no covering over the cut edges of the 
extirpated liver. Three of the animals, with the least amount of liver 
cut away, survived. The other 8 animals died of an intraperitoneal 
hemorrhage within twelve hours. 

4. Various types of specially synthesized tapes were used in these 
experiments. Though not completely absorbed, a tape composed of 
(1) a backing of polyvinyl alcohol film; (2) a rope stock paper filler, 
and (3) a synthetic resins adhesive proved the most satisfactory. <A 
new tape, eliminating the paper and incorporating a germicide, is now 
available for further research. 

5. In mice, small pieces of tapes made of polyvinyl alcohol and 
synthetic resins, polyvinyl alcohol and polyisobutylene and polyvinyl 
alcohol and crude rubber inserted intraperitoneally, were completely 
absorbed at the end of one month. No tissue reaction was noted, 
even though rope stock was part of the tape. 

6. Some substance in the synthetic resins apparently exerts a pro- 
nounced hemostatic action, as this adhesive controlled bleeding the 
most readily. 

7. Further animal experimentation and_ sterilization studies are 
indicated before a tape can be recommended for clinical use. The 
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perfection of this tape should prove a simple effective method for 


the treatment of many surgical conditions and war wounds. 
8. A second article, on further experimental studies, is in preparation. 


Many Army medical officers and enlisted men assisted in carrying on these 


experiments during the past eighteen months, under varied and difficult conditions 
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GUNSHOT WOUND OF THE THORACIC ESOPHAGUS 


Report of a Case 


JAMES E. FISH, M.D. 
BOSTON 


ECOVERY following an injury to the thoracic esophagus by an 
extrinsic foreign body is believed to be exceedingly uncommon. 
This impression is further borne out by a quotation from a Hunterian 
Lecture delivered by Gordon-Taylor at the Royal College of Surgeons 
of England in May 1944, and subsequently published in the British 
Journal of Surgery: “The story of wounds of the cesophagus is not 
unnaturally dispiriting |in the] National War Collection. I am informed, 
however, that Lt.-Colonel A. L. d’Abreu has actually saved a man 
wounded in the thoracic cesophagus, which must rank as one of the most 
spleadid triumphs of surgical prowess.” In view of the infrequency with 
which recovery is known to occur following such injuries, it seems of 


interest to report the following case. 


REPORT OF CASE 


A 20 year old soldier, while participating on May 17, 1944 in a field problem 
in which live ammunition was being used, was hit in the back by a spent bullet. 
His condition on arrival at the hospital was good in spite of a difficult litter 
evacuation from a wild and heavily wooded jungle training area. Prior to his 
arrival he had received 1 unit of plasma. 

He appeared extremely anxious and apprehensive on admission and _ volun- 
teered the information that swallowing saliva caused increased pain in his chest. 
He was in mild respiratory distress, although cyanosis was not noted. There 
was a small round wound of entrance about '4 inch (0.6 cm.) in diameter between 
the inner edge of the scapula and the spine on the left side at the level of the 
third rib. The wound was not sucking air. The blood pressure was 110 systolic 
and 80 diastolic, the pulse rate 110 and the respiration rate 40 per minute. The 
heart sounds were of good quality, and the heart did not appear to be displaced 
There was increased dulness to percussion over the left lung, and auscultation 
showed decreased breath sounds and coarse rales. The breath sounds over the 
right lung were essentially normal. The remainder of the physical examination 
revealed nothing abnormal. . 

The patient was immediately grouped for transfusion and administration of 
plasma was started. Roentgenograms were taken, and stereoscopic views showed 
a .30 caliber bullet lying in the posterior mediastinum, somewhat anterior to the 
body of the third dorsal vertebra (fig. 1). 

The course of the missile, the location of the bullet as seen on stereoscopic 
examination and the complaint of pain by the patient on swallowing indicated 


clearly that serious injury had been sustained by the esophagus. 
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The patient was prepared for operation, and the anesthesia started fifty-five 
minutes after his arrival at the hospital. This was approximately three hours 
following his injury. 

Pentothal sodium supplemented by nitrous oxide, oxygen and ether under 
varying increases of atmospheric pressure were used to produce anesthesia. Fluids, 
plasma and whole blood were given intravenously throughout the operation. 

A posterior mediastinotomy was done in the manner described by Lilienthal for 
access to the upper posterior part of the mediastinum. <A vertical incision was made 
between the inner border of the left scapula and the spine. The sixth rib was 
resected for about 2 inches (5 cm.) lateral to the articulation with the vertebra. 


The fourth and fifth ribs were then transected, and the third rib, which had been 














Fig. 1.—Roentgenogram showing the .30 caliber bullet lying in the posterior 
mediastinum. 


badly splintered by the bullet, was partially resected. A portion of the fourth 
rib was also removed later to facilitate exposure. 

The posteromedial pleura was reflected and the lung displaced forward and 
laterally. It was now seen that the bullet had traversed the inner margin of the 
left lung. The left pleural cavity began filling with air through two closely 
located entrance and exit wounds in the pleura. Positive pressure anesthesia 
was instituted. Damage to the lung and hemorrhage were minimal, and the 
lung parenchyma required no special attention. The aorta and esophagus were 
than brought into view. The left posterolateral wall of the esophagus was seen 
to have a 4 inch round hole where it had been pierced by the missile. Palpation 
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revealed the bullet lying anterior to the esophagus, against the trachea at a point 
near the bifurcation. The esophagus was mobilized and the loose areolar b!lood- 
infiltrated tissues separated, bringing the bullet into view. After removal of the 
bullet, a second hole was found in the anterior wall of the esophagus. The exit 
wound was a tear about % inch (1 cm.) in length. The trachea escaped undam- 
aged. Both holes in the esophagus were sutured with an atraumatic no. 0 chronic 
surgical gut. The periesophageal mediastinum was given free drainage by means 
of four large Penrose tube drains. The two holes in the pleura were then sutured 
with a continuous atraumatic no. 0 chromic surgical gut stitch. The pneumo- 
thorax was then aspirated from the left pleural cavity, and 15,000 units of peni- 
cillin in isotonic solution of sodium chloride was introduced. The mediastinum 
was likewise irrigated with penicillin solution, 250 units per cubic centimeter. The 
thoracic wall was then repaired by approximating the intercostal muscle bridges 
and partially closing the deepest layer of spinal muscles. Six grams of sulfanil- 
amide powder was dusted into the mediastinum and the wound of entrance. The 
more superficial layers of the wound were packed open with petrolatum gauze 
and primary and secondary sutures placed for tying at a later date. 

The condition of the patient remained good throughout the operation. The 
blood pressure at the start of the procedure was 118 systolic and 80 diastolic, 
and the pulse rate 116. The lowest blood pressure recorded was 110 systolic and 80 
diastolic and the highest pulse rate was 128. The blood pressure at the close of the 
operation was 138 systolic and 100 diastolic, and the pulse rate was 118. 

The patient was immediately placed in an oxygen tent on return to the ward 
He was given 20,000 units of penicillin intramuscularly every two hours. 

Several major postoperative problems were encountered in the management 
of this case, which centered around two most serious complications. The first of 
these had to do with a rapidly increasing sensitivity of high degree to opium 
derivatives. This rare condition, developing on top of a cardiorespiratory mecha- 
nism already embarrassed by a contused left lung, mild hemopneumothorax, 
tenacious bronchial secretion and beginning atelectasis in the contralateral lung. 
was not fully appreciated until the precipitation of an acute cardiorespiratory crisis 
following the intramuscular injection cf % grain (0.008 Gm.) of pantopon on the 
third postoperative day. Prolonged artificial respiration was necessary. An 
emergency tracheotomy was done and proved worth while in that oxygen exchange 
was improved and the aspiration of tenacious bronchial secretions facilitated 
From this point on, the patient was never given any opiate. Restlessness and pain 
were controlled by the rectal administration of large doses of paraldehyde. 

The second complication, which followed closely on the first, was medi- 
astinitis. On the evening of the second postoperative day, the patient appeared 
extremely toxic and the temperature rose to 105 F. rectally. The hemothorax 
had never been more than moderate and was easily controlled by occasional 
thoracentesis. After each aspiration, 20,000 units of penicillin in isotonic solution 
of sodium chloride was instilled into the pleural cavity. The dosage of penicillin 
was maintained at 240,000 units daily by intramuscular injection. Five grams 
of sodium sulfadiazine was also given intravenously each day. Blood sulfadiazine 
levels were reported at this time between 5.7 mg. and 11 mg. per hundred cubic 
centimeters. Cultures taken from around the mediastinal drains showed a heavy 
growth of gram-negative bacillus of the colen group 

On the fourth postoperative day the patient was much less toxic and was 
generally improved. The temperature dropped to 100.8 F., and despite a secondary 
rise of temperature on the sixth postoperative day to 104.5 F., it appeared that he 
would recover from the mediastinitis. Subsequent cultures taken from around 





FISH—GUNSHOT WOUND OF ESOPHAGUS 


the mediastinal drains showed a light growth of alpha hemolytic streptococci and 
a heavy growth of hemolytic Staphylococcus aureus. 

His improvement was sufficiently rapid from this point on that it was decided 
not to do a gastrostomy. In addition to the intravenous administration of dextrose, 
he received four blood transfusions, as well as 2 to 3 units of plasma (500 to 
750 cc.) daily. Thiamine hydrochloride and ascorbic acid were also given intra- 
muscularly. 


On the ninth postoperative day the patient was allowed % ounce (15 cc.) of 
water hourly by mouth. There was no indication of any leakage or ill effect. 
The administration of sulfadiazine was discontinued at this time, owing to a 
falling white blood cell count. By the eleventh postoperative day the patient was 
able to remain out of the oxygen tent without any respiratory embarrassment or 
discomfort. 


The tracheotomy tube was removed on the thirteenth postoperative day. At 


this time the dosage of penicillin was reduced to 120,000 units daily. Minor 











Fig. 2.—A, three months following injury, showing healed wound of entrance 
and thoracotomy incision; B, general appearance three months following injury. 
Note the tracheotomy wound. 


difficulties arose in the management of the wound because of its nature and depth. 
The penicillin was reduced to 90,000 units daily on the fifteenth postoperative day 
and discontinued entirely on the thirty-second postoperative day. He had received 
a total of 4,720,000 units at the time the drug was discontinued. 

He has made a completely satisfactéry recovery. Four months after injury 
deglutition was normal, and fluoroscopic examination of the esophagus with barium 
sulfate revealed no evidence of stricture (fig. 2). 


COM MENT 


The failure to culture organisms from the left pleural cavity is worthy 
of. note when one considers the complex mediastinal infection. In view 
of the nature of the latter, the combined use of sulfonamide compounds 


and penicillin from the start appears to have been justified. It is impos- 
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sible to allocate a percentage effectiveness to either chemotherapeutic 
agent. One or the other, or both in combination, unquestionably con- 


tributed to the successful outcome in this case. 
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Following an extensive thermal burn, a com- 
plex derangement of normal physiologic proces- 
ses develops, which can be separated into at 
least two components, shock and toxemia. Most 
of the recent the systemic 
treatment of burns have been directed toward 


developments in 


decreasing the severity of shock, and as the 
treatment of shock has improved one has seen 
more patients survive the period of shock only 
to succumb to toxemia. 

toxemia were 
regarded as debated 
whether the whole picture was due to toxins 
produced in the area of the burn and distributed 
throughout the body by the circulation or 
whether the local loss of plasma in the burned 
with the resultant disturbance of circula- 
the primary 


and 
Observers 


For many years shock 


one pre CESS 


irea, 


tory dynamics, was cause of 
systemic damage. 

In 1923 the toxin theory, supported by the 
work of Boyd ard Robertson,’ was in the 
iscendency, but during the next decade the 


work of Underhill and co-workers ? and that of 


Blalock * advanced the second, or physical, 
theory of shock. There was a tendency to 
xplain the changes in the parenchymatous 


viscera as entirely secondary to the poor circula- 
tion occurring during the period of shock. 

From the Pennsylvania Hospital and the Harrison 
lepartment of Surgical Research, University of Penn- 
sylvania School of Medicine. 

The work described in this paper was done under 
1 contract, recommended by the Committee on Medical 
Research, between the Office of Scientific Research and 
Development and the Pennsylvania Hospital. 
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Wilson, Macgregor and Stewart * in 1938 dis- 
tinguished the two pathologic processes and 
noted that while they might overlap at the end 
of the first twenty-four hours after the burn, 
the two were usually distinguishable. The shock 
phase is marked by hemoconcentration, fall in 
blood pressure, rapid pulse and cold extremities 
The patient usually recovers from shock within 
twenty-four hours unless death has supervened 
The phase of toxemia, on the other hand, pro- 
duces headache, vomiting, drowsiness, fever and 
oliguria and usually makes its appearance on the 
Patients 
dying in the phase of toxemia show changes in 


second day, lasting three or four days. 


the parenchymatous viscera, liver, kidneys and 
adrenal glands and also in the intestine and the 
that not 
patients dying of shock within the first day or 
so. The changes observed in patients dying 
during toxemia are not, however, considered 
pathognomonic, since somewhat similar changes 
have been produced in experimental animals by 
prolonged low blood pressure and by hyper- 
thermia. 


central nervous system are seen in 


The paper of Wilson, Macgregor and 
Stewart * and early reports from the Penn- 
sylvania Hospital® were written during the 


period when local treatment usually consisted in 
tanning the burned surface and when changes in 
hepatic function the most pronounced 
characteristic of toxemia. After Wells, Hum- 
phrey and Coll*® demonstrated the hepatotoxic 
properties of tannic acid and Hartman and Rom- 
ence * showed the same disturbance following 
the use of silver nitrate, it was thought by some 
investigators that burn toxemia might prove to 
be an artefact. However, this has not proved 
to be the case. While the clinical symptoms and 


were 
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the laboratory findings in burn toxemia were 
notably affected after the use of tannic acid and 
to a less extent after the use of other tanning 
agents, our studies indicate that the process is 
widespread and not limited primarily to damage 
of the liver. 

With 


data on 


mind, have 


toxemia 


this in we reviewed the 
burn obtained at the Penn- 
sylvania Hospital during the past five vears, 
during which studies have been made on 213 
burned patients. 

The original studies were made on patients 
admitted to the service of Dr. W. E. Lee at the 
Pennsylvania Hospital and the Graduate Hos- 
pital of the University of Pennsylvania prior to 
1941. During 1941 and 1942 staff members of 
seven Philadelphia hospitals made cases available 
for study under a contract between the Penn- 
sylvania Hospital and the Office of Scientific 
Research and Development, and during 1943 
and 1944 staff members of a much larger group 
of hospitals in the Philadelphia area aided the 
study by making cases of severe burns available 
for study. 

In 1940 a series of tests of hepatic function 
was carried out on 3 burned patients treated at 
the Pennsylvania Hospital. These patients were 
given plasma promptly after injury, and it is 
believed that at no time were they in shock but, 
nevertheless, they showed definite impairment 
of hepatic function. 

Some test of hepatic function was carried out 
on 154 patients, with a rather extensive series 
of tests of hepatic function in 51 of these patients. 
In the 154 cases, local treatment varied. In 14 
cases tannic acid was used, and in 53 cases other 
tanning agents were used. In the remaining 
cases the local treatment was with petrolatum 
gauze and pressure dressings. In a considerable 
group Eschatin (an adrenal cortex extract) was 
used for at least forty-eight hours. Desoxy- 
corticosterone acetate was given intramuscularly 
Nearly all the 
patients were given large quantities of plasma 
when 


to a small number of patients. 


there was hemoconcentration. Twelve 
patients received 3 to 5 liters of sixth-molar 
sodium lactate solution orally each day during 
the first six to ten days after the burn in addi- 
tion to the parenteral administration of plasma. 

In addition to the studies of hepatic function, 
a careful study of renal function was carried out 
on 28 patients in 1943-1944, including fractiona- 


tion of nonprotein nitrogen in blood and urine.* 


8. Saltonstall, H.; Walker, J.; 
Lee, W. E.: To be published. 
9, Walker, J., 





Rhoads, J. E., 
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During 1943-1944, 26 patients died, and 23 
of the cases came to autopsy. The data to be 
presented are based on the observation and study 
of these cases and represent the combined efforts 
of a considerable group of workers. 

TESTS OF HEPATIC FUNCTION 

For purposes of comparing the effect of differ- 
ent methods of local treatment on hepatic func- 
tion, we have depended on the van den Berg! 
reaction for two reasons: first, because it was 
found to reflect the general change in hepati 
function and, second, because it had been carried 
out on most of the patients studied during the 
time when tanning agents were in general use as 
well as on the patients in more recent cases. A 
level of less than 0.5 mg. of bilirubin per hundred 
cubic centimeters of serum 
normal. Only 7 per cent of the patients treated 
with tannic acid showed a serum bilirubin level 
within this limit, as compared with 47 per cent 
of the patients treated with petrolatum and pres 
sure dressings. Elevation of the serum bilirubin 


was regarded as 


above 2 mg. per hundred cubic centimeters of 
serum was considered to be an indication oj 


severe impairment of hepatic function, and this 
was corroborated by other tests of hepatic fun 
tion. This degree of elevation occurred in 
per cent of the group treated with tannic acid 
in'18 per cent of the group treated with other 
tanning agents and in only 7 per cent of the 
group treated with petrolatum and 
dressings. Furthermore, the three highest levels 
of serum bilirubin observed in_ this 
occurred in the small group treated with tannx 
acid (11 mg., 13 mg. and 16 mg. per hundred 
cubic centimeters of serum). 


8) 


pressure 


series 


It seems fair to conclude from these data that 
treatment with tannic acid resulted in 
damage to the liver than when petrolatum gauz¢ 
was used but that some impairment of hepatic 


more 


function occurred as a result of the burn itself 
and was presumably inherent in the pathologic 
process resulting from the burn. The data als: 
indicate that the other tanning agents, silver 
nitrate, gentian violet medicinal and triple dy 
were not free of noxious influence on hepati 
function. The results in the latter group stan 
midway between the results for patients treated 
with tannic acid and those for patients treate 
with petrolatum gauze. 

Corroboration of the degree of damage to th 
liver indicated by the van den Bergh reactio1 
was obtained from the determinations of reten 
tion of sulfobromophthalein sodium, conjugation 
of benzoic acid and flocculation of cephalin- 


cholesterol emulsion. In addition, certain sp 
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ven remained remarkably constant. 
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ial studies of hepatic function were carried out. 
\mong these were the bilirubin clearance test 
d the determinations of plasma alpha amino 
itrogen and of the albumin-globulin ratio. 
None of these seemed more sensitive than the 
Of the three, 
was the most valuable 
it was extremely susceptible to alteration by 
tors not related to the pathologic changes 
the burned area. 


bilirubin clearance 


The alpha amino nitro- 
The al- 
imin-globulin ratio showed striking changes, 
ut these generally occurred late in the clinical 
urse and could not be correlated with the 
esults of other tests of hepatic function. Re- 
«ated determination of the albumin-globulin 


ratio showed that it tended to become reversed 
ten to fifteen days after the burn and that this 
reversal persisted in the patients with extensive 
third degree burns until the granulating areas 


ad been covered with new skin. In view of the 


recent investigations of Hirshfeld and his asso- 


iates *° on the protein loss from burned surfaces, 
t would seem that the reversal of the albumin- 
lobulin ratio was an index of the state of the 
protein nutrition rather than of the hepatic func- 
tion of the patient. 
RENAL FUNCTION 
It has long been recognized that renal func- 
tion 1s impaired in a severely burned patient. 
\lbumin, casts, hemoglobin and red blood cells 
requently appear in the urine, and it was for- 
erly thought that the loss of albumin in the 
rine might be an important factor in the devel- 
pment of hypoproteinemia. The volume of 
ne excreted is usually considerably decreased 
om the second to the fourth or fifth day after 
e burn and in some cases may be drastically 
ecreased. In 2 of our cases, the urine output 
ropped to 30 cc. a day for a short time. In 
group of cases in which fluid was forced in 
form of sixth-molar sodium lactate solution, 
was possible to increase the urine output 
ecidedly. 
the level of plasma nonprotein nitrogen tends 
he noticeably raised in burn toxemia. In 10 
atients it rose over 100 mg. per hundred cubic 
ntimeters of plasma, and 9 of these patients 
ed during the toxemic phase. The tenth pa- 
ent survived for two months, to die of a pul- 
onary embolus. Of the 13 patients who died 
th lower nonprotein nitrogen levels, 3 had 
eived electrical burns and it was thought that 


0. Hirshfeld, J. W.; Williams, H. H.: Abbott, W. 
Heller, C. G., and Pilling, M. A.: Surgery 15: 
1944, 
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the electric current had injured deeper tissues ; 
3 others appeared to die as the result of pre- 
existing disease, and the remaining patients had 
nonprotein nitrogen levels of over 80 mg. per 
hundred cubic centimeters of plasma. 

It is also striking to note how closely the ex- 
tent of the area burned and the survival may be 
correlated. 


Investigation of the plasma nonprotein nitro- 
gen elevation was carried out by Walker ® in an 
attempt to find out which fraction was chiefly 
responsible for the rise. In normal blood the 
distribution of these fractions is reasonably con- 
stant. Urea nitrogen, uric acid nitrogen, 
creatinine nitrogen and alpha amino nitrogen 
were determined. The residue of nonprotein 
nitrogen left unaccounted for was called the 
“undetermined” nitrogen. In the patient with 
burn toxemia it was found that 50 to 80 per cent 
of the rise was due to an increase in the unde- 
termined fraction. 

At present we know of no evidence regarding 
the behavior of the undetermined nitrogen frac- 
tion in other forms of toxemia, so that it is not 
known whether or not this is specific for burns. 
The inference is that it probably is not specific. 
The idea, of course, suggests itself that this 
undetermined nitrogen fraction may represent 
degenerative products which are of themselves 
toxic, but this remains to be proved. The rise 
in the undetermined nitrogen level seems defi- 
nitely of prognostic significance, whether it is 
specific for burn toxemia or not. 


PATHOLOGY 


Seventeen of the patients in the 1943-1944 
series died, and autopsy was performed. Five 
of the patients died between two and six days 
after the burn in what was clinically evident 
as toxemia. ‘In addition, 1 patient died fifteen 
minutes after a 95 per cent burn, apparently of 
shock and asphyxia. Sections from the organs 
of this patient were used as controls. Two pa- 
tients who showed pronounced evidences of 
toxemia during the first week survived this 
period and died later, one on the nineteenth day, 
of purulent meningoencephalitis, and the other 
on the sixty-second day, of pulmonary embolism. 

Photomicrographs of the livers of these pa- 
tients dying in the toxemia phase show fatty 
infiltration but not actual necrosis (fig. 1). 


The kidneys showed rather pronounced toxic 
nephrosis in all cases. Grossly, the organ was 
soft, swollen and fatty and orange-yellow, while 
on cut section the papillae stood out as reddish 


purple. Microscopically there was pronounced 
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degeneration of entire tubules, while the glo- 
meruli were intact (fig. 2). 

The adrenal glands did not show gross hemor- 
rhage in any of the cases studied, but in all there 
were edema and degeneration of the inner zone 
of the cortex (fig. 3). 

Sections of kidney and adrenal tissue from a 
patient dying within fifteen minutes after sus- 
taining a 95 per cent burn are included as con- 
trols for comparison with tissues from patients 
dying of burn toxemia (figs. 4 and 5). 

No cases of Curling’s ulcer were seen, but 
sections of the duodenum from the 5 patients 








Fig. 1.—Moderately advanced fatty degeneration 
dying in toxemia showed pinpoint multiple ulcer- 
ations with focal collections of leukocytes. 

The changes in the brain have been studied 
comparatively little in the past, but they are 
striking and probably of much greater impor- 


tance than has been generally suspected. We 
have reported these findings in detail.** Gross 


examination of the brains of 6 patients dying of 
toxemia showed edema in every case and evi- 
dence of herniation of the cerebellar tonsils into 
the foramen magnum, with compression of the 


1f and 12. Deleted by author. 

13. Walker, J., Jr.. and Shenkin, H.: Studies 
Toxemia Syndrome after Burns: Central Nervous 
System Changes as Cause of Death, Ann. Surg. 121: 
301-303 (March) 1945. 
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medulla oblongata. Microscopically, there is 
general toxic degeneration of ganglion cells 
which is most evident in the cortex and _ the 


hypothalamus. 

All the organs of these patients were pecu 
liarly flabby, and all the tissues were edematous 
The edema seemed unrelated to the amount \ 
fluid the patient received in the course of therapy) 
The edema of the lungs and other organs di 
not seem perceptibly greater in patients wi! 
liters of sixth-molar sodiw 


received 3 to 5 


lactate solution daily in addition to plasma tha 











> 


of the liver, more pronounced centrally (« 153). 


in those who received plasma and_= small: 


amounts of dextrose and water. 


COMMENT 


In using the term “toxemia,” we do not wis 
to indicate that there is necessarily a circulating 
toxin produced by the burn. This has not ye 
been demonstrated in man, although Netzky 
recovered a hemolysin from the lymph in burne 
dogs and Netzky and Leiter *° provided a co! 
vincing demonstration of a generalized increa: 


14. Netzky, M.: 


Personal communication to 
authors. 
15. Netzky, M. G., and Leiter, S. S.: Am. 


Physiol. 140:1, 1943. 
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Fig. 2.—A, tubular degeneration of the kidney, with sloughing of lining cells (x 153). B, pronounced tubular 


degeneration of kidney. 


The epithelial cells are vacuolated. 


The glomerulus is intact (x 594). 
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Fig. 3—4A, pronounced edema of adrenal gland, showing degeneration of inner zone of cortex (x 153). 


pronounced edema and autolysis of adrenal gland (x 594). 
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an essentially normal kidney (x 594). 
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Fig. 4.—A, an essentially 
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in the permeability of the dog’s vascular tree 
for heterologous serum protein following a burn. 
This increase occurred not only in the region of 
the burn but in distant areas as well. The term 
“toxemia” is merely a convenient one for de- 
scribing the symptom complex that occurs. 
The patients with a diagnosis of toxemia were 
mentally normal for a few hours after the burn 
but thereafter definite aberration soon developed. 
This usually took the form of a stupor that some- 
times passed into coma. There was always dis- 
severely burned patients and 
Muscular twitchings were 


orientation in 
occasionally mania. 


The patients frequently com- 


often observed. 
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the pulse rate were usually somewhat elevated 
before this occurred but not any more strikingly 
than in those which did not terminate 
fatally. 

The controversy between those investigators 
who have postulated a circulating burn toxin 
and those who have upheld the view that lesions 
in distant organs result from circulatory changes 
induced by a fluid shift in the locality of the 
burn need not be prolonged here. It is impor 
tant, however, to recognize that changes in dis 
tant organs do occur after practically all sever 
burns. The damage can often be measured by 
tests of function during life and is usually evident 


cases 




















Fig. 5.—The adrenal glands, with slight beginning edema in inner zone of cortex. It 1s otherwise normal (« 153 


plained of headache, and nausea and vomiting 
usually occurred. Oliguria frequently developed 
within the first. twenty-four hours, and some- 
times became extréhie. 

Cheyne-Stokes respirations were noted in the 
severely burned patients, and in 1 patient respira- 
tions ceased on two occasions and had to be 


carried on artificially for periods of ten minutes 
the first time and three minutes the sécond. In 
fatal cases death frequently occurred with abrupt 
respiratory failure, usually on the fourth or fifth 
day and often when urinary output was increas- 
ing and the general condition of the patient 
The temperature and 


seemed much improved. 





histologically in patients dying of burns in tw 
to seven days. These changes affect particular]; 
tissues with high oxygen consumption, such a: 
kidneys, adrenal brain and _ liver 
Furthermore, «there is evidence at autopsy ©! 


glands, 


widespread edema of the tissues. 

The discovery of the hepatotoxic qualities « 
tannic acid is an important advance, and thi 
abandonment of this agent and of other tanning 
agents has altered the picture of toxemia 
Whereas in 1940 the changes in hepatic functio! 


dominated the picture of toxemia and pronounced 


+ 


necrosis of the liver was frequently found at 
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utopsy,’® since the abandonment of the tanning 
gents the changes in the liver generally have 


mild. In our experience, however, the 


patient with third degree burn of about a third 


f the body surface was still in grave danger of 
lying, and death occurred in about the same per- 
entage of patients whether tanning agents were 
not. This implies that the hepatic 


damage following tanning seldom caused death 


ind explains the fact that tannic acid was almost 


universally used without attracting attention to 
its toxic properties. 


After the use of the tanning agents was given 
ip and there was less evidence of hepatic im- 


pairment, the evidence of renal injury became 
more evident. 


The rise in nonprotein nitrogen 
was found to be strikingly related to prognosis. 
[he urinary output was at times extremely low. 
Ky increasing the fluid intake, it was possible in 
nost cases to maintain a good urinary output, 
ut the rise in the nonprotein nitrogen took place 


nevertheless. 


The breakdown of the nonprotein nitrogen 
fraction of the plasma yielded the interesting 
nformation that in most cases the rise occurred 
ainly in the undetermined fraction and not 


proportionately in all the fractions, as one might 


expect in renal insufficiency. It appears, there- 
iore, that the renal injury, although severe histo 
logically, was perhaps not critical functionally 
ind that the patients did not die of uremia. One 
might postulate that there was a selective de 
rease in the ability of the kidney to excrete this 
indetermined portion of the nonprotein nitrogen, 
ut analysis of the urine showed that excretion 
f this fraction was usually increased in all cases 
Therefore, 
inless one postulates a difference between the 
indetermined fraction in the urine and that in the 
plasma, one cannot regard the increase in the 


some time in the toxemic period. 


blood as due to renal insufficiency. It seems 
iairly certain that the rise is due to a great 
ncrease in the production of this material fol- 
owing a burn, and it is hard to escape the con- 
lusion that it represents breakdown products of 
tissue protein and perhaps of blood. 

Underhill * argued against the theory of ab- 
sorption of a local toxin, since he found a dimin- 
ished rate of absorption of phenolsulfonphthalein 
and strychnine from the burned areas. However, 
Wolff, Elkinton and Rhoads*® observed that 
toxemia was usually most severe about the fourth 
day after injury and that at this time the local 
edema at the site of the burn began to disappear 


visibly. 


16. Erb, I. H.; Morgan, E. M.., 
Ann. Surg. 117:234, 1943. 


and Farmer, A. W.: 
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Since the burn “toxin” has been so elusive, it 
is natural to believe that it is a substance of 
comparatively low toxicity, of which a consider- 
able amount must accumulate to cause death. One 
obvious place to look for it is in the undetermined 
fraction of the plasma nonprotein nitrogen, and it 
is interesting that such sharp correlation was 
found between the concentration of this fraction 
and the occurrence of death. 

If death in burn toxemia does not occur from 
hepatic damage or from renal damage, what is its 
mechanism? The mental stupor, the myoclonus, 
the sudden respiratory arrest and the _post- 
mortem changes in the brain all point to the pos- 
sibility that death may be of central nervous 
origin, and we believe that certain of the deaths 
are brought about in this way. Whether edema 
and medullary compression, on the one hand, or 
degenerative changes in the ganglion cells, on 
the other hand, are of primary importance is 
impossible to say. If the edema is the decisive 
factor, tapping the ventricles might be of value. 
This method has not yet had a trial so far as we 
know. 

Forcing of 
and 


fluids, such as isotonic sodium 
sodium chloride solutions, after a 
burn should tend to increase renal function and 
perhaps hasten the excretion of plasma non 


protein nitrogen. 


lactate 


This may be advantageous, 
but it has not been adequately proved to be so. 
On the other hand, such administration of fluids 
would be likely to increase the occurrence of 
edema of the brain, according to the studies of 
Weed and McKibben.'? Administration of fluids 
in the cases observed by us apparently did not 
precipitate the respiratory arrest, and this phase 
of the subject requires further study. 

In all the patients in whom we observed fatal 
burn toxemia there was extensive third degree 
involvement. All the burns were due to flame. 
It is our impression that the changes following 
first and second degree burns may be somewhat 
different. Certainly these mild burns deserve 
separate consideration until there is proof that 
the changes produced are of the same nature as 
those produced by third degree burns. 


CONCLUSIONS 

3urn toxemia is to be distinguished from burn 
shock, as pointed out by Wilson, Macgregor and 
Stewart.* 

Damage to the liver, both functionally and 
histologically, is usually mild if tanning agents 
are not used in the local treatment of the burned 
surface. 


17. Weed, L. H., and McKibben, P. S.: 
Physiol. 48:531, 1919. 
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The reduction in hepatic damage achieved by 
avoiding tanning agents has not yet resulted in 
any pronounced reduction in mortality. 

Renal damage, consisting in a toxic nephrosis, 
was a constant part of the picture of toxemia in 
fatal cases. 

Urea clearance frequently falls below 10 per 
cent of average normal function. 

There is a pronounced rise in the plasma non- 
protein nitrogen, which is of considerable prog- 


nostic significance. Elevations of plasma non- 


protein nitrogen above 100 mg. per hundred 
cubic centimeters were seen only in fatal cases. 

The elevation of plasma nonprotein nitrogen 
is not readily explained on the basis of renal 
damage alone.- Sixty to 80 per cent of the rise 
in nonprotein nitrogen was due to an increase in 
the undetermined fraction. 
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The rise in this undetermined fraction is sui 
ficiently well correlated with the clinical pictu: 


of toxemia that it serves as a useful criterion 
the presence and severity of toxemia after a bu 
during the first week. 

Certain deaths from burns seem best explain: 
on the basis of damage to the central ner\ 
system. Pronounced changes, consisting in 
generation ganglion cells and edema, occur: 
and were most pronounced in the hypothalam 
and cortex. 

surn toxemia is a widespread process invo! 
ing many if not all of the organs and tissu 
and no specific treatment is as vet known. 


The coroner’s office of the city of Philadelphia 
Dr. Benjamin A. Guley gave valuable cooperatiot 
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PROGRESS IN ORTHOPEDIC SURGERY FOR 1944 


A Review Prepared by an Editorial Board of the American Academy of 
Orthopaedic Surgeons 


XV. The Knee Joint 
PREPARED BY R. K. GHORMLEY, M.D., ROCHESTER, MINN 


Embryology.—Haxton *™ investigated the relative patellar breadth in 
two hundred and thirty-four mammalian limbs, including specimens 
from representatives of the principal orders, and reached the following 
conclusions: 1. The “patellar index” is not related to the size or the 
speed of movement of an animal. 2. There is no evidence that the 
patella is undergoing phylogenetic retrogression. 3. There is evidence 
that it has a functional value in extending the knee joint. 

Schifino and Griffo *** reported a case of trauma of the knee in which 
there was a separate fragment at the superior and lateral border of the 
patella. Roentgenographic examination of the opposite knee disclosed 
the same change. They note that Thurston Holland regarded this as an 
abnormality due to rickets and that Mouchet and Fornier thought that 
it was an apophysitis like that which occurs in osteochondrosis of 


tuberosity of the tibia (Osgood-Schlatter’s disease ). 


Wounds and Injuries —Buxton,*** in a Hunterian lecture, reviews 
gunshot wounds of the knee joint which occurred before World War I, 
in World War I, in the postwar period and in World War II (in France 
and the Middle East). In brief, the treatment included immobilization 
(not skeletal traction), chemotherapy, aspiration for distention and 
removal of metallic fragments in the joint or the articular cartilage. 
Motion was instituted as soon as possible. In cases in which the patients 
are not observed soon after the injury and in cases in which infection 
appears likely to occur, the synovial membrane is not closed. If the 
joint is infected and repeated aspiration fails to produce relief, 
the joint is opened on each side and irrigated; it rarely is closed but 


usually is left open and immobilized. The author reviews 255 cases of 








473. Haxton, H.: The Patellar Index in Mammals, J. Anat 78:106-107 
(April) 1944. 

474. Schifino, F. J., and Griffo, A. E.: Patella partita bilateral, Semana méd. 
1:441-442 (March 2) 1944. 


475. Buxton, St. J. D.: Gunshot Wounds of the Knee-Joint, Lancet 1:681-684 
(May 27) 1944. 
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gunshot wounds of the knee joint that were observed in base hospitals 





during the second and third battle in Libya. In 18 of the 255 cases, there 
were gunshot wounds of both knee joints. Suppurative arthritis 
occurred in ninety-five (34.8 per cent) of the two hundred and seventy- 
three wounded knees. Amputation was performed in 12 cases, and 3 of 
the patients died. 

Seley **® reports a case in which a popliteal aneurysm resulted from 
a gunshot wound of the knee joint. The usual conditions were noted, 
and relief was obtained by endoaneurysmorrhaphy. 

|Ep. Note.—The experience of surgeons caring for traumatic 
aneurysms and arteriovenous fistulas in the service hospitals will bring 
this type of surgical procedure to its highest state of perfection. They 
are doing an excellent job. | 

\llan and Nicholson *** report 153 cases of injury of the knee joint. 
In 98 of the cases the patients were hospitalized, and arthrotomy was 
performed in 44 cases. In 32 of the 44 cases in which arthrotomy was 
performed, there was an injury of a cartilage. The most frequently 
encountered lesion was a bucket handle tear. Loose bodies were 
encountered in 10 cases. Diagnosis of meniscus injury was made on 
the basis of the following observations: (1) incomplete extension, (2) 
painful cartilage area with extension, (3) localized tenderness, (4) dis- 
comfort on rocking the tibia and (5) localized pain elicited by sharp 
tibial rotation with the knee flexed. The nonoperative treatment of any 
injury was aspiration, immobilization (six weeks), injection of procaine 
hydrochloride for tendon sprains and physical therapy and posture 
exercises. The operative treatment is complete removal of the meniscus. 
The quadriceps muscle should be used soon after operation. 

Carr and Haggart *** present a program for the conservative man- 
agement of the injured knee. The patient is put to bed and the knee 
supported with a pillow splint. If the injury has occurred within four to 
six hours, the knee should be packed in ice bags. A large effusion that 
occurs immediately is usually due to hemorrhage. After twelve to 
twenty-four hours, aspiration of the joint fluid is wise. Active exercises 
for the quadriceps muscle are commenced on the second or third day 
and increased as conditions permit. In any injury of the knee, full 
weight bearing should not be permitted for several weeks and crutches 


476. Seley, G. P.: Traumatic Popliteal Aneurysm; Obliterative Endoaneurys- 
morrhaphy; End Result, J. Mt. Sinai Hosp. 10:738 (Jan.-Feb.) 1944. 

477. Allan, J. H., and Nicholson, J. T.: Knee Injuries in Service Personnel, 
U. S. Nav. M. Bull. 43:63-72 (July) 1944. 

478. Carr, C. R., and Haggart, G. E.: Treatment of Acute Knee Injuries, 


with Special Attention to the “Weak Knee” Syndrome, U. S. Nav. M. Bull. 
42:787-797 (April) 1944. 
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should be used for four to six weeks. Swimming should be allowed 
fairly early. 

Satchelor *** reviews 109 cases of internal derangement of the knee 
joint. He found evidence of injury of the cruciate ligament in 33 per cent 
of the cases. He discusses the functional anatomy of the cruciate liga- 
ments and stresses the point that when the leg is in full extension no 
pathologic movement is possible if only one cruciate ligament is damaged, 
because of the action of the collateral ligaments. With the knee in 
flexion, cruciate damage allows increased abduction, adduction and glid- 
ing. The diagnosis is made on the basis of pain, swelling and weakness 
and the history of an injury. The drawer sign is best elicited when the 
leg is flexed to an angle of 20 to 25 degrees. Batchelor advises the 
routine examination of the knee under anesthesia. By way of treatment, 
he says that meniscectomy should not be performed unless true locking 
is present. For recent complete tears of the anterior cruciate ligament 
he advises immobilization for eight to ten weeks with the leg flexed at 
an angle of 10 to 15 degrees. Sprained knees are immobilized for 
four to six weeks. Fractures of the tibial part of the spine are immobil- 
ized in full extension. Moderate laxity of the cruciate ligaments may 
be treated by physical therapy, including exercises for the quadriceps and 
hamstring muscles. He attempted no surgical repair. 

Abbott, Saunders, Bost and Anderson **° stressed the frequency of 
occurrence of ligamentous injuries of the knee joint and say that the 
indefinite diagnosis of “internal derangement” is made too frequently. 
(Ine must establish an accurate anatomic diagnosis and use specific 
therapy rather than “rest and fixation” in all cases. Their article 
contains an excellent consideration of the functional anatomy of the knee 
joint and its ligaments. They point out that the common mechanisms 
of injury are abduction alone and abduction combined with flexion and 
rotation. Objectively, local tenderness, hemarthrosis and abnormal 
mobility were of constant occurrence. Abduction rocking to a pro- 
nounced degree is indicative of injury to the tibial collateral and anterior 
cruciate ligament. Prompt and complete repair of the tibial collateral 
ligament is advocated in such cases. 


[Ep. Nore.—This is an excellent article, which should be read by all 
surgeons interested in injuries of the knee joint. ] 

479. Batchelor, J. S.: Tears of the Cruciate Ligaments in Internal Derange 
ment of the Knee, from a Study of One Hundred and Nine Consecutive Cases of 
Injury to the Knee-Joint, Guy’s Hosp. Rep. 92:60-67, 1943. 

480. Abbott, L. C.; Saunders, J. B. deC. M.; Bost, F. C., and Anderson, C. F 
Injuries to the Ligaments of the Knee Joint, J. Bone & Joint Surg. 26:503-521 
(July) 1944. 
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Dislocation.—Sever *** reports 2 cases of dislocation of the knee joint. 
In the first, a 47 year old carpenter had an anterior dislocation. Follow- 





up data showed no evidence of any injurv to the semilunar cartilages, 
and there was no evidence of instability due to injury of the crucial 
ligaments. In the second case, a 39 year old man had a posterior medial 
dislocation which extended into the popliteal space through a wound. 
There was periosteal stripping of the end of the femur. Examination a 
year later showed slight lateral instability or increased motion in the 
joint. There was no evidence of any injury of the semilunar cartilages of 
crucial ligaments, and in spite of the extensive trauma no injury of the 
nerves or vessels had been sustained. 

Baumann *** discusses the surgical exploration of the injured knee 
joint. He notes that the posterior surface of the patella should be 
examined for chondromalacia, a frequent complication. He also notes 
that a protruding and darkened region at the medial condyle of the 
femur indicates a rupture of the posterior cruciate ligament. 

Semilunar Cartilages.—Smillie *** reviews the literature on regener- 
ation of cartilage and reports that subsequent operation was necessary in 
600 cases in which meniscectomy had been performed. He says that if 
the entire meniscus is excised a new one grows from the parietal synovial 
membrane and that it has the same appearance as the old one but that it 
has a dense capsular attachment with no line of cleavage. It is thinner 
and narrower than normal and is composed of fibrous tissue only. If 
the anterior half or two thirds is excised, the excised portion is replaced 
by fibrous tissue with the features that have just been noted. The 
author favors total meniscectomy, as the most nearly perfect replication 
follows this type of operation. Injury to the regenerated meniscus is 
possible only with gross instability of the knee joint. 

Duthie and Macleod *** summarize the results of removal of one or 
more semilunar cartilages in 179 soldiers. Seventy-five per cent of the 
soldiers were placed in a 1-A category as the immediate result of 
rehabilitation at a convalescent depot. A review of results six months 
to one year after the soldiers returned to active duty shows that of the 
1-A group on discharge from the depot 27 had to be placed in a lower 


calabia ahs . 
481. Sever, J. W.: Dislocation of the Knee Joint: A Report of Two Cases, 
New England J. Med. 231:318-319 (Aug. 31) 1944. 
482. Baumann, E.: Seltenere Binnenschaden im Kniegelenk, Schweiz. med. | 
Wehnschr. 78:435-437 (April 10) 1943. J 


483. Smillie, I. S.: Observations on the Regeneration of the Semilunar Car- 
tilages in Man, Brit. J. Surg. 31:398-401 (April) 1944. 

484. Duthie, J. J. R., and Macleod, J. G.: Meniscectomy in Soldiers: Review 
of Cases Discharged from an Army Convalescent Depot, Lancet 1:182-183 
(Feb. 5) 1944: 
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group, while of those in categories below 1-A, 61 per cent remained in 
the same category and 39 per cent were classified in a lower category 
after their discharge. The criteria for discharge from the depot in a 1-A 
category were a strenuous course of physical training, a 3 mile (4.8 
kilometer) cross country run and a 15 mile (24.1 kilometer) route 
march, without reaction in the knee. It was suggested that minor 
degrees of instability of the knee, possibly due to laxity of the anterior 
cruciate ligament, may persist after meniscectomy. In the absence of 
regular exercises for the quadriceps muscles this instability may result 
in a disability. 

Cleveland, Willien and Doran *** analyze the results of seventy-five 
operations on the knee joint of soldiers, to determine whether or not 
elective operation on the knee joint is worth while from a military stand- 
point. Forty-six per cent of the soldiers were rehabilitated to a full duty 
status ; 43 per cent were reclassified for limited service after operation ; 
4.7 per cent were reclassified for limited service prior to operation, and 
6.3 per cent were discharged for disability. In cases of tear of the medial 
meniscus, which is the most frequent internal derangement encountered, 
44.8 per cent of the soldiers have been returned to full duty after 
operation. Patients with cysts of the medial and lateral meniscuses have 
been rehabilitated to full duty in a high percentage of cases. In 50 per 
cent of the cases of osteochondritis, the patients have returned to full 
duty. All patients with intra-articular fractures and all with injuries 
involving both meniscuses have been reclassified for limited service or 
discharged from the army. The authors stress the importance of the 
removal of the entire meniscus. 

Osteochondritis Dissecans.—Stein, Ikins and Lowry *** classify 
osteochondritis dissecans into three types according to the symptoms: 
(1) sudden and severe, (2) chronic and (3) asymptomatic. They 
review the etiologic theories and say that the traumatic theory is the 
most acceptable. 

Strange **? defines osteochondritis dissecans as a localized aseptic 
necrosis of cartilage and underlying bone. He reports a case in which the 
disease involved the lateral condyle of a 41% year old boy but cleared up 
with conservative treatment in a cast. 

485. Cleveland, M.; Willien, L. J., and Doran, P. C.: Surgical Treatment of 
Internal Derangement of the Knee Joint Among Troops in Training at Fort 
Jackson, South Carolina: An End-Result Study, J. Bone & Joint Surg. 26:329- 
336 (April) 1944. 


486. Stein, G. H.:; Ikins, R. G., and Lowry, F. C.: Osteochondritis Dissecans, 
Am. J. Surg. 64:328-337 (June) 1944. 
487. Strange, T. B.: Osteochondritis Dissecans: Case Report, Am. J. Surg 


63: 144-145 (Jan.) 1944. 
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|Ep. Note.—Both of these articles emphasize again the fact that in 
some cases osteochondritis dissecans may heal spontaneously. | 


Synovial Membrane.—Whalley *** reports a case of compression of 
the external popliteal nerve by a Baker cyst arising from the superior 
tibiofibular joint. Pain and foot drop were completely eliminated and 
full function was restored by removal of the cyst. 


Tumors and Pseudotumors of Synovial Membrane.—Milwidsky *** 
reports 2 cases of pseudotumor of the synovial membrane of the knee 
joint. In 1 case the lesion was a synovitis villosa hemorrhagica chronica ; 
in the other it was a benign synovial histiocytoma. Both patients were 
treated by synovectomy. One is well eighteen months postoperatively, 
and the other is well six months postoperatively. 


i190 


Cox reports a case of chondroma of a meniscus in a woman 54 
years of age. Roentgenograms showed a lifting of the periosteum of 
the upper surface of the internal condyle of the femur with rarefaction 
beneath the periosteum, suggestive of a tuberculous lesion. [Exploration 
of the knee joint revealed a white hyaline mass about the size of a 
walnut, lying loose in the joint ; a similar mass had been formed from the 
anterior part of the medial meniscus. Both masses were removed, and 
the pathologic report indicated that the two had the same microscopic 
structure and the appearance of a chondroma. 

Steinsleger and Slullitel *” report 2 cases of angioma of the knee 
joint. In 1 case the patient was a boy, 14 years old; in the other case the 
patient was a girl, 12 years old. The authors review the etiologic 
theories and point out that most authors agree that these tumors are 
congenital. They state that the treatment is always surgical and that the 
results are good in cases in which the tumor is localized. 

Uhry *? reports an unusual case of periarticular metaplastic forma- 
tion of bone about the knee. A rapidly developing swelling, 3 inches 
(7.6 cm.) in diameter, appeared over the head of the fibula. The mass 
was excised and found to contain “connective tissue spindle cells, with 

488. Whalley, N.: Compression of the External Popliteal Nerve by a Baker’s 


Cyst, Brit. J. Surg. 31:306-307 (Jan.) 1944. 


489. Milwidsky, H.: On the Occurrence of Pseudotumors in the Synovial 
> 


Membrane of the Knee Joint, J. Internat. Coll. Surgeons 7:227-233 (May-June) 
1944, 
490. Cox, L. W.: Chondroma of a Meniscus of the Knee Joint, Australian 


& New Zealand J. Surg. 13:199 (Jan.) 1944. 

491. Steinsleger M., and Slullitel, I.: Angiomas de la rodilla, Rev. ortop. y 
traumatol. 13:3-14 (July) 1943. 

492. Uhry, E., Jr.: Pararticular Metaplastic Bone Formation About Knee, 
Bull. Hosp. Joint Dis. 4:70-73 (Oct.) 1943. 
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direct Osseous metaplasia in some areas and with osseous metaplasia 
through the mediation of chondro-osteoid in others.”” Seven months 
after operation there was no evidence of recurrence. 

Calcification of Articular Cartilages—Harmon * reports 2 cases of 
calcification of the articular cartilages. In 1 case, the clinical diagnosis 
was degenerative arthritis; in the other it was gout. In both cases, 
roentgenographic examination disclosed calcification of the articular 
cartilages of the knee joint. 

Bursae and Bursitis —Voshell and Brantigan ‘* report 10 cases 
in which bursitis occurred beneath the tibial collateral ligament. The 
diagnosis is based on the history, on the presence of pain and swelling 
anterior to the tibial collateral ligament and on the excision of the 
bursa or aspiration of bursal fluid with recovery from painful symptoms. 
In excising the bursa, the ligament need not be severed and the joint 
does not need to be opened. Recovery after excision is prompt and 
apparently complete. Rest, application of heat and aspiration and 
injection of procaine hydrochloride should be tried. If the results 
are unsatisfactory or if the symptoms recur, excision of the bursa 1s 
indicated. 

| Ep. Note.—These authors have pointed out another clinical entity 
about the knee. The recognition of this disease is important. ] 


Jurman **° 


reports + cases in which a semimembranous bursa 
resulted from injury of the internal meniscus. He feels that trauma 
which tears the internal meniscus may also cause semimembranous 
bursitis. This association emphasizes the need for examining the back 
of the knee in every case in which this joint is injured. 

Tenosynovitis —Conway ** reports 5 cases in which tenosynovitis 
of the patellar tendon developed in B-24 pilots after they had flown 
many hours with constant extension tension on the rudder control. 
Strapping the patella upward gave immediate relief. The author notes 
that measures should be taken by aeronautic engineers to lessen the load 


on the overworked muscles and tendons. 
J 
493. Harmon, P. H.: Degenerative Calcification in Articular Cartilage of 
Knee: Differentiation from Calcification of Menisci, J. Bone & Joint Surg. 


26 :838-840 (Oct.) 1944. 


494. Voshell, A. F., and Brantigan, O. C.: Bursitis in the Region of the 
Tibial Collateral Ligament, J. Bone & Joint Surg. 26:793-798 (Oct.) 1944. 
495. Burman, M.: Semimembranosus Bursitis: Association with Tear of the 


Internal Meniscus of the Knee Joint by Common Trauma, J. A. M. A. 124:29-30 
(Jan. 1) 1944. 

496. Conway, W. H.: Acute and Chronic Suprapatellar Tenosynovitis and 
Fascitis in Pilots of Heavy Bombers, Air Surgeon’s Bull. (no. 9) 1:18 (Sept.) 
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Ankylosis —Thompson *** has devised a modification of the Bennett 
operation for lengthening the quadriceps tendon to improve motion of 
the knee. He reports 12 cases in which this procedure was used. The 
rectus femoris muscle is freed from its bed and retracted. The tendon 
of this muscle is not severed. The scarred vastus muscles are dissected 
free, and a portion of the vastus intermedius is removed. The capsule of 
the patella is divided on either side to overcome the contracture. The 
rectus femoris is replaced in its bed and the skin closed. The leg is 
placed in a Thomas splint with a Pearson attachment. Active and 
passive motion is begun immediately in balanced suspension. Satis- 
factory results were obtained in 10 of 12 cases. 

Fisk *°* has treated thirty-three consecutive fractures of the femur 
with a traction apparatus which allows the knee and hip to work freely, 
the traction being exerted on a pin through the upper end of the tibia. 

Hass **® reports 15 cases of ankylosis of the elbow and 9 of ankylosis 
of the knee in which the patients were treated by arthroplasty by his 
technic. The results were excellent or good in about 75 per cent of the 
cases. The distal ends of the humerus and femur are shaped to form a 
sharp wedge, and the ulna and tibia are reshaped to form a shallow con- 
cavity perpendicular to the wedge, care being taken to preserve the 
lateral ligaments. A flap of fatty tissue taken from the thigh is used as 
an interposition membrane. Three weeks postoperatively, skin traction 
and immobilization in plaster are used; then active exercises are used, 
and weight bearing with crutches is permitted at the end of two months 
in cases of ankylosis of the knee. The best results were obtained in cases 
of traumatic ankylosis; the next best results were obtained in cases of 
gonorrheal ankylosis, and the poorest results were obtained in cases of 
osteomyelitis. 


500 


Roentgenography.—Long describes a noninjection method for 
roentgenographic visualization of the internal semilunar cartilage. An 
anteroposterior roentgenogram is made about three seconds after the 
end of a maneuver comprising strong traction, firm internal rotation 
and abduction of the fully extended leg. The: thigh should be held 


firmly against the table by a strong immobilization band, with a fixed 


497. Thompson, T. C.: Quadricepsplasty to Improve Knee Function, J. Bone 
& Joint Surg. 26:366-379 (April) 1944. 
498. Fisk, G. R.: The Fractured Femoral Shaft: New Approach to the 


Problem, Lancet 1:659-661 (May 20) 1944. 
499. Hass, J.: Functional Arthroplasty, J. Bone & Joint Surg. 26:297-306 
(April) 1944. 


500. Long, L.: Non-Injection Method for Roentgenographic Visualization of the 


Internal Semilunar Cartilage: Technique and Analysis of Results in 709 Exami- 
nations, Am. J. Roentgenol. 52:269-280 (Sept.) 1944. 
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padded fulcrum against its lateral aspect just above the knee. This 
method of examination was employed 700 times on 291 soldiers who 
had symptoms referable to one or both knees. The internal semilunar 
cartilage was outlined in 191 (67.2 per cent) of the 284+ asymptomatic 
knees and in 75 (61.4 per cent) of the cases in which there were 
symptoms referable to the knee but noncontributory clinical observations. 
The method is unsatisfactory in the presence of effusion in the joint. It 
should not be employed when acute tenderness is present. Lateral 
roentgenograms could not be made _ successfully with this method. 
Relaxation of the tibial collateral ligament and cruciate ligaments may be 
demonstrated by a widening of the joint. 

Blonek and Wolf *' consider pneumoroentgenegraphy by means of 
a double contrast medium. They used 5 cc. of a 35 per cent solution of 
hippuran and 150 to 200 cc. of oxygen. Four routine roentgenograms 
are made. 

Special Surgical Procedures.—Sutherland and Rowe *”? report the 
use of metal blocks (stainless steel) or wedges to fill osteotomy defects 
at the upper end of the tibia. The osteotomy had been done for genu 
recurvatum and depressed fracture of the plateau. They consider the 
results as good. Two years have elapsed since the first operation was 
done. 

Experimental Surgical Treatment—Conn** — studied articular 
changes resulting from total and partial patellectomy on rabbits. Total 
patellectomy resulted in degenerative arthritis of the tibiofemoral joint. 
The changes were more pronounced in the adult rabbit. Partial patellec- 
tomy evoked early degenerative changes in the adult rabbit but not in the 
young rabbit. He concludes that the routine use of total patellectomy for 
fracture of the patella in human beings probably is not indicated. 

[ Ep. Note.—This experiment hardly proves the author’s conclusions. 
Patellas are removed only when-they are causing or will themselves 
cause injury of the knee joint. | 

Patella—Roux *"* reviews a case in which patellectomy had been 
performed five years previously for a compound fracture. Movements 
were normal, and the strength of the joint was good. No signs of 

501. Blonek, F., and Wolf, J.: | Pneumoradiography of the Knee Joint, J. lowa 
M. Soc. 34:354-360 (Aug.) 1944. 

502. Sutherland, R., and Rowe, M. J., Jr.: Metal-Block Replacement of Bone 
Deficiency: A Preliminary Report on Operative Correction for Genu Recurvatum, 
J. Bone & Joint Surg. 26:118-124 (Jan.) 1944. 
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Study, Surg., Gynec. & Obst. 79:526-536 (Nov.) 1944. 
504. Roux, J.: Radiographie d’un genou érotulé cing ans aprés |’opération, 


Rev. méd. de la Suisse Rom. 64:53-55 (Jan. 25) 1944. 
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arthrosis or synovitis were found. The patient, who was 32 years old, 
did mountain climbing, played tennis and went skiing. The function of 
the knee was nearly perfect. 

Du Bourguet and Sergent *°° report a case of irreducible traumatic 
luxation of the patella. The lateral mobility of the patella was impaired, 
and the articular portion of the patella was in contact with the external 
surface of the external femoral condyle. A Feévre-Dupuis operation was 
performed. This consists in a parapatellar incision, detachment of the 
anterior tubercle and patellar ligament and freeing of adhesions. The 
tubercle was reattached about 2 cm. above its primitive insertion, which 
allowed for flexion of the knee. Motion was begun twenty-one days after 
the operation. Six months later active flexion to 90 degrees was present, 
there was no swelling and the strength of the quadriceps muscle was 
good. 

Humphries °° reports a case of intracondylar dislocation of the 
patella in which open reduction was employed. There was no apparent 
rupture of the quadriceps tendon or ligamentum patellae. This was in 
contrast with 6 cases reported by Cheesman in 1905, as injury to the 
quadriceps tendon or crucial ligament was present in all of these cases. 

Loomis °°’ reports the use of cotton sutures in preference to wire to 
repair fractures of the patella. He notes that (1) there is no electrolytic 
activity, (2) the sutures may be tied. rather than twisted and (3) the 
joint reactions which occur with wire do not occur with cotton. 

Infection of the Knee—Fox and Gilbert °°* report a case in which 
epidemic cerebrospinal (meningococcic ) meningitis was associated with 
purulent arthritis of the knee. Treatment with sulfathiazole proved 
successful. The article contains a good review of the literature to date 
and a discussion of the types of arthritis liable to be associated with 
meningitis, including an early purpuric type, a metastatic infectious 
type and a late urticarial (serum reaction) type. 

Knock Knees.—Girdlestone *** describes a night splint which is easily 
made, easily understood and applied and comfortable. It consists of 
two tapering gutter splints riveted back to back and suitably padded. 

505. Du Bourguet and Sergent: Luxation traumatique irréductible de la rotule; 
opération di Févre et Dupuis, Mém. Acad. de chir. 68:406-409 (Nov. 11-18) 1942. 

506. Humphries, S. V.: Intercondylar Dislocation of the Patella, South 
African M. J. 17:347-348 (Nov. 27) 1943. 

507. Loomis, L. K.: Internal Fixation of Fractures of the Patella with 
Cotton Suture Material, Surgery 15:602-605 (April) 1944. 

508. Fox, M. J., and Gilbert, J.: Meningococcus Infections with Articular 
Complications, Am. J. M. Sc. 208:63-69 (July) 1944. 
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The children take to the application of this splint readily. The splint 
need be worn only at night and is, of course, used in addition to “wedged 


heels” and the standard exercises. 


Rehabilitation.—O' Donnell **° states that physical therapy of the 
knee is often inadequate because all muscles of the hip, knee and ankle 
must be given attention. He stresses the importance of exercises of the 
vastus medialis muscle. Physical therapy is most effective when em- 
ployed frequently and for short periods. Fatigue should be avoided, 
and heat should not be used more than fifteen to twenty minutes at one 
time. 


XVI. Conditions Involving the Elbow, the Forearm, the Wrist and the Hand 
PREPARED BY WALTER P. BLOUNT, M.D., MILWAUKEE 


Elbow.—An unusual case of radiohumeral synostosis is reported 
by Frankel.**' The patient died of nephritis at the age of 23, and 
a postmortem examination was obtained. The radius was firmly anky- 
losed to the humerus. The ulna was rudimentary. The arms were 
symmetrically short and atrophic. 

No similar deformity had occurred in the parents or in members of 
their families, who were healthy and prolific. There were 7 siblings, 
4 with the same deformity. One sister died at 10 years, after a tonsil- 
lectomy. She probably had renal disease. A 19 year old brother had 
the identical deformity. He was apparently normal otherwise, but 
laboratory studies showed gross deficiency in renal function. A sister, 
aged 16, had the same deformity. She was 1 of twins, the other 
being a normal boy. There was no evidence of renal disease. 

In all the affected persons, there was absence or abnormality of one 
or both patellas. Frankel observed that both parents, who were normal, 
must have had the same recessive trait. The deformity must have 
developed during the first three months of fetal life. 

March °'* describes a case of osteochondrosis of the capitellum 
similar to coxa plana in the hip. The subject of osteochondroses is 
briefly reviewed. Involvement of the capitellum was apparently first 
described by Panner in 1927. March suggests calling this entity 
“Panner’s disease.” The patient in this case was 8 years old. Sudden 
limited flexion appeared after he threw a dart. Later, limitation of 
extension developed. Motion of the elbow was free and_ painless 


510. O’Donnell, E. D.: Rehabilitation of Knee Injuries, Physiotherapy Rev. 
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through a limited range. Pronation and supination were not dis- 
turbed. There was slight swelling, particularly over the lateral aspect, 





but no redness. Roentgenograms which are submitted show irregu- 
larity of density, with some increase in density and slight irregularity 
of outline. The symptoms disappeared with a few weeks’ rest. 

|Ep. Note.—A disturbance of osteochondral growth has certainly 
been observed at every growth center in the body. The common ones 
are well recognized. It is important to record examples of the rarer 
locations. Priorities are difficult to establish. It is questionable whether 
proper names should be attached to the unusual lesions; there are 
many epiphyses, and to use as many proper names would be confusing 
and undesirable. It is better to designate the lesion as osteochondrosis 
of a certain location. | 

A new conception of olecranon bursitis (“tennis elbow”) is offered 
by Allen,®* of Sydney, Australia. In 7 cases in which the symptoms 
were brought on by strain or contusion, complete relief was obtained 
by excising the synovial membrane from the lateral side of the radio- 
humeral joint. In each case, thickened synovia was said to be found. 
It is Allen’s contention that the essential pathologic change lies in a 
“synovial fringe,” the nipping of which is responsible for symptoms 
in a manner similar to that in which the nipping of a semilunar cartilage 
may cause symptoms in the knee joint. He recommends excision of 
the tag of synovial membrane in troublesome cases. 


|Ep. Note.—An operative attack on the lateral aspect of the 
radiohumeral joint would involve freeing fibers of the extensor muscles 
of the forearm from the epicondyle. This is a well recognized method 
of curing obstinate epicondylitis. Whether the relief of symptoms was 
caused by the removal of the synovial fringe or by the subsequent 
scarring of the extensor muscles at their origin is debatable in the 





cases submitted. | 

In a review of disabilities of the elbow in cases of air hammer 
injury, Fuss *'* found 75 instances of fissure formation, which he com- 
pares with the fatigue fractures of bones elsewhere. There were 22 
fissures of the tip of the coronoid process and 15 of the tip of the 
olecranon, exclusive of 24 cases of fracture of a bony spur in the 
triceps tendon. He reports isolated cases of fractures of exostoses 
elsewhere. Fuss observes that after prolonged use of pneumatic tools 
there is often degenerative change of the elbow joint. This is fre- 
quently an extensive degenerative arthrosis. Often the fissures have 


513. Allen, J. C. B.: Epicondylitis: Traumatic Radio-Humeral Synovitis, 
M. J. Australia 1:273-274 (March 25) 1944. 
514. Fuss, H.: Fissure Formation in Region of the Elbow Joint Due to Use 
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been observed in osteophytes. Sometimes they have been in normal 
bone. The presence of fissures does not constitute a reason for dis- 
continuing the use of pressure tools. The degree of arthrosis, and 
not the presence of fissures, is the criterion as to extent of damage 
to the joint. 

From a wealth of material of 35 chronic dislocations of the elbow 
with and without fracture, Allende and Freytes *'® review the pathologic 
changes and suggest surgical treatment. They conclude that the dis- 
location which has not been reduced after twenty-one days should be 
treated by open, and not closed, reduction. In such cases, they found 
massive bone production posteriorly between the periosteum and the 
humerus, frequently also of the anterior capsule. As, early as two 
or three months after injury, scar tissue filled the olecranon fossa and 
the sigmoid cavity and covered the lower end of the humerus. Contrac- 
ture of the triceps is troublesome and sometimes makes suture of the 
wound difficult. After six months, degenerative change of the articular 
surface makes arthroplasty preferable to open reduction. 

Through a posterior approach with a step tenotomy of the triceps 
muscle (in 2 cases with transverse division of the olecranon), the joint 
was exposed. The ulnar nerve was freed and retracted. The fibrous 
tissue in the joint was removed by sharp dissection. The elbow was 
then flexed. The radiohumeral “horn” and all other adventitious 
ossifications were removed, along with other structures which inter 
fered with normal motion. The elbow was then reduced. The ulnar 
nerve was replaced and the wound closed. A cast was applied with 
the elbow flexed to 140 degrees unless this instability required more 
flexion. In the earlier cases, extension was limited because the elbows 
had been fixed at right angles. The cast was removed and motion 
was started on the tenth day. 

End results are not reported because only 14 cases could be fol- 
lowed. In those, the elbow was stable and painless, with movement 
between 40 and 120 degrees. 

In flexion contracture of the elbow following fracture, Philip D. 
Wilson ** has performed a capsulectomy, with pronounced improvement 
of function. He outlines the operative technic, which is well illustrated 
by diagrammatic drawings. He summarizes 7 cases. 

Hass **7 reports 15 cases of arthroplasty of the elbow in which the 
technic is modified according to his method of producing a sharp wedge 


515. Allende, G., and Freytes, M.: Old Dislocation of the Elbow, J. Bone & 
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at the tip of the proximal fragment and a shallow groove on the end 
of the distal bone. Recurrent ankylosis occurred in 3 cases. 

A curved incision, convex downward, is made around the olecranon, 
which is chiseled off obliquely along with the attachments of the triceps 
tendon. The ulnar nerve is dissected out of its sulcus and retracted 
medially. The synostosis is then broken through by means of chisel 
and mallet, the lateral ligaments being preserved as carefully as possible. 
The distal end of the humerus is formed into a sharp wedge, while 
the ulna is reshaped to resemble a shallow trough. If there is also a 
radioulnar fusion, it is broken up and the head of the radius is either 
formed into a wedge directed toward the ulna or resected entirely. 
The scarred capsular tissues are then removed, the bleeding is controlled 
and the bone ends are smoothed off by means of rasp and mallet. 
The end of the humerus is covered with a flap of fatty tissue taken from 
the thigh and fastened to the humerus with surgical gut. At this stage, 
to facilitate extension, the bony tip of the olecranon is removed from the 
triceps tendon, and the latter is fixed to the periosteum of the ulna 
with silk. The skin is closed and skin traction incorporated in a 
plaster cast for three weeks, with the elbow in extension and the forearm 
in slight supination. 


[Ep. Note.—From the submitted roentgenograms, it would appear 
that the procedure is more like a resectior than an arthroplasty. This 
fact does not detract from its usefulness. ] 

Berntsen *'* reports a similar procedure, which he terms “arthro- 
plastic resection.” : 


Wrist.—Successive stages in the elaboration of the transverse carpal 
arch were studied in a comparative examination of Amphibia and 
Reptilia and Mammalia by Hughes.*'® Outline drawings of the cross 
section through the carpal canal show that there is little indication 
of transverse arching of the carpus in forms below the primates. The 
arch reaches its highest development in the anthropomorphous apes 
and man, and in them it is associated with a single cavity wrist joint 
capable of extensive abduction-adduction movement. The function 
of the arch seems to be to stabilize the carpal tunnel, in which the 
flexor tendons lie. 


Far from being an insignificant sesamoid, the pisiform bone has 
been shown by Harris **° to be analogous to the calcaneus in the foot. 


518. Berntsen, A.: Arthroplastic Resection for Ankylosis of the Elbow, Ugesk. 
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An extensive analysis of the roentgenograms of the carpus in various 
mammals has shown that the pisiform is a true carpal bone. In all 
the young primates with the exception of man there is a secondary 
bone center, as in the calcaneus, with a well marked epiphysial 
growth cartilage. An illustration is submitted in which the lateral 
roentgenogram of a young Macacus rhesus monkey is shown. The 
pisiform actually looks like a calcaneus in this picture and has an 
apophysis closely simulating that of the calcaneus. 

[Ep. Notre.—The discovery of the analogy between the pisiform 
in the wrist and the calcaneus would seem to have great significance 
in comparative anatomy. It should also dignify the pisiform in the 
eyes of orthopedic surgeons. | 

As an accidental finding, White °** discovered a congenital bilateral 
fusion of the capitate and hamate bones. ‘These structures were repre- 
sented by one large, undifferentiated bone. Roentgenologic examina- 
tions of the wrists of the parents revealed nothing abnormal. 

Aseptic necrosis of various bones of the wrist was reported during 
the year. Jonsson °** cites a case of progressive malacia of the os capi- 
tatum in a 22 year old nurse. There was no predisposing injury or 
illness. Occasional swelling, with weakness and pain, was observed. 
After six months, crepitation was noted. The sedimentation rate was 
normal. The roentgenographic appearance was analogous to that of 
osteochondrosis of the lunate bone (Kienbodck’s disease). A similar 
condition of the navicular was reported by Stack,°** who calls it 
“Preiser’s disease’’ because Preiser reported such a case in 1910. It 
occurred in a-43 year old white man. There was a gradual onset of 
rheumatic pain, aggravated by bowling and casting. There was weak- 
ness of grip but no swelling except for fulness in the anatomic snuffbox. 
There was tenderness over the scaphoid bone, most noticeable in the 
snuffbox. There was slight limitation of flexion and extension of 
the wrist, with pain on extremes of motion. Serial roentgenograms 
showed gradual fragmentation and absorption of the bone. 

Similar involvement of the metacarpal bones and the phalanges in 
a 22 year old farm hand was reported by Franck.®** The onset appeared 
when the patient was 14, without apparent cause. The first symptom 


521. White, E. H.: Bilateral Congenital Fusion of the Carpal Capitate and 
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was pain, beginning when he was 18. Later he had difficulty in 
complete extension. On the right, the epiphyses of the first and second 
metacarpal bones, as well as the distal end of the proximal third and 
fifth phalanges, showed evidence of aseptic necrosis. On the left, 
the first and third metacarpal bones of the second and fifth fingers 
were involved in the same way. Franck notes that this type of 
aseptic necrosis of the epiphyses of the distal phalanges occurs at 
about the age of puberty and usually in males. Theories of causation 
are discussed. The treatment was entirely symptomatic. 

MacAusland **° studies the end results in 19 of 24 cases of dis- 
locations of the carpal lunate bone. He recognizes two types of dis- 
location: the perilunar dislocatign of the carpus, in which the lunate 
bone remains fixed and the remainder of the carpus is dislocated. either 
dorsally or volarward, and the dislocation of the lunate bone itself, 
either dorsally or volarward. A distinction between the two types 
is of therapeutic importance. 

Early reduction is of the utmost value. Early manipulative treat- 
ment gives the best result. Excision of the lunate bone gives a useful 
wrist and hand, but the majority of patients complain of weakness 
and are unable to make a tight fist. 

The recommendation is for operative reduction in uncomplicated 
dislocation of the lunate bone when manipulation fails or when the 
patient is treated within six weeks of the injury. After six weeks, 
operative excision is the method of choice. In dislocations of the lunate 
bone complicated by a fracture of the navicular when manipulation 
fails or when the fracture is of more than two weeks’ duration, excision 
of both the lunate and the proximal fragment of the navicular is 
indicated. In perilunar dislocations of the carpus, operative reduction 
is indicated (1) in fresh cases complicated by neural damage, (2) in 
cases in which manipulative reduction fails and (3) in cases of more 
than two weeks’ duration. Details of various methods of conservative 
and operative treatment are given. 

A group from the Hospital for Joint Diseases, New York,*** has 
done a good deal of thinking about the mechanics of injuries of the 
wrist. They elaborate on “a unifying concept,” which may help some 
to appreciate the forces at work in the wrist. A number of lesions 
of the wrist are discussed. 


525. MacAusland, W. R.: Perilunar Dislocation of the Carpal Bones and 
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In obtaining an arthrodesis of the wrist, Colonna ***’ has used a 
piece of rib as a graft. He finds that the curve is well suited to 
implantation with the wrist in dorsiflexion. A bed is prepared in 
the dorsum of the carpus. Flaps are raised from the distal end of 
the radius and from the second and third metacarpal bases. The 
beveled ends of the graft are slipped under the flap. 


White and Stubbins *** recommend total excision of the carpus 
in cases of intractable flexion deformity of the wrist with such lesions 
as ischemic contracture, arthrogryposis and those following suppurative 
arthritis. The procedure was not attempted in spastic patients. Twelve 
cases are reported. Through a dorsal longitudinal incision, the tendons 
are retracted and the carpus resected in one block. It was found most 
desirable to remove the greater multangular bone. O0ccasionally the 
distal end of the ulna is cut away. The resulting joint surfaces fit 
nicely in children. An adaptive change makes them accommodate 
very well. As in the case of astragalectomy, there is pronounced limi- 
tation of motion, but no painful joints were encountered. No tendons 
were sacrificed. Care is taken to stay close to the bone anteriorly. 
The pisiform bone is not disturbed. The dorsal fascia is not sutured. 
A tourniquet is used but is: released before closure of the wound. 
Usually only the superficial vessels require ligation. The redundant 
skin is cut away from a diamond-shaped area to facilitate closure. 
A padded cast is applied to the axilla, holding the wrist in dorsiflexion 
of 20 to 30 degrees, with the forearm in midrotation and the elbow at 
a right angle. After three or four weeks, this is changed for a short 
unpadded cast to the elbow. Any possible motion of the fingers is started 
soon after the operation. 

The writers are enthusiastic about the method. They point out 
that it is primarily to correct deformity and permit lengthening of the 
flexor tendons and shorten capsular structures. There is often a sur- 
prising degree of return of power in the extensor muscles. 


[Ep. Note.—Partial or complete carpectomy is a valuable pro- 
cedure for correction of ischemic contracture to supplement tendon 
lengthening. Occasionally it should be combined with arthrodesis. | 

Traumatic defects of the radius producing pseudo Madelung deformity 
are corrected by Stumpfegger **® by elongating the radius with a 
bone graft. This corrects the deformity and greatly improves function. 
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Boyd and Stone **® emphasize the value of resection of the distal end 
of the ulna in cases of traumatic Madelung deformity. The procedure 
is of special value in restoring or increasing pronation and supination 
in the distal radioulnar joint. It relieves pain caused by arthrosis of 
this joint. It corrects deformity of the wrist. 

Removal of the distal end of the ulna does not materially affect 
the strength and stability of the hand or the wrist. If the contours 
are normal, they are little changed by the procedure. If there is 
deformity due to radial shortening, the cosmetic appearance is greatly 
improved. The operative technic is described and 5 cases reported 
in detail. 

Tendon transplantation according to the method of Perthes was 
performed by Stumpfegger *** in 26 cases of war injuries of the radial 
nerve. The nerve was totally lost in 18 cases, and the typical Perthes’ 
operation was used. This consisted in the transplantation with the 
sheath of the flexor carpi ulnaris muscle and flexor carpi radialis 
muscle to the dorsi flexor muscles. A tenodesis of the extensor carpi 
ulnaris and extensor carpi radialis muscles is used to maintain dorsi- 
flexion of the wrist of 30 degrees. Stumpfegger emphasizes the need for 
blunt dissection to free the muscles widely before they are transplanted 
through broad tunnels. It is important also to obtain the correct tension 
on the transplanted tendon. This is not easy because of frequent degen- 
erative changes in the affected region. The problem is discussed in the 
light of Gebhardt’s explanation of the loss of tonus. 

In 8 cases, only a partial operation was necessary. In 3 cases, 
a tenodesis was not necessary. In 3 cases, only the extensor and 
abductor muscles of the thumb were involved and in 2 cases only the 
extensor muscle of the fingers. 

Hand.—Anomalies of Muscles: Cirio and Mansi *** report an 
anomalous second attachment of the abductor longus muscle of the 
thumb. The second slip contained a fleshy belly which lay volar to the 
abductor brevis muscle. It ended in a small tendon which attached 
just radial to the abductor brevis. They also report *** a muscular 
slip on the dorsum of three out of fifty-two hands examined, or in 6 
per cent of the cases. The percentage has been given by other authors 


530. Boyd, H. B., and Stone, M. M.: Resection of the Distal End of the 
Ulna, J. Bone & Joint Surg. 26:313-321 (April) 1944. 

531. Stumpfegger, L.: Experiences with the Perthes Substitution Operation 
for Radial Nerve Paralysis, Chirurg 15:430 (July 15) 1943. 

532. Cirio, J. J.. and Mansi, D.: Anomaly of the Abductor Pollicis Longus, 
Arch. Soc. argent. de anat. norm. y pat. 4:171-173 (May-Sept.) 1942. 

533. Cirio, J. J., and Mansi, D.: Three Examples of an Anomalous Muscle 
on the Dorsum of the Hand, Arch. Soc. argent. de anat. norm. y pat. 4:251-254 
(May-Sept.) 1942. 
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as 2.4 and 8.5 per cent. The muscle slip lay on the dorsum between 
the long extensor tendons. In 1 case, there was an attachment to 
the second and third extensor tendons, with absence of the extensor 
proprius muscle of the index finger. In the other 2, the attachment 
was to the extensor muscle of the middle finger and the aponeurosis 
over the third metacarpophalangeal joint. 


|Ep. Note.—It is important to remember that muscular as well 
as bony anomalies do occur in the hands as well as the feet. Better 
knowledge of the more frequent anomalous structures would occasionally 
save embarrassment. | 

Reimann and colleagues,*** in an anatomic study of the palmaris 
longus muscle and tendon from one thousand, six hundred extremities, 
encountered complete absence in 205 (12.9 per cent) of the cases. 
silateral absence was encountered more frequently than absence on 
either the right or the left. Numerous variations in position and form 
are described and illustrated. There may be an accessory palmaris 
longus muscle with the tendon proximal and the muscle belly distal. 
The same relations may obtain in a single normally placed tendon. 
The muscle belly may be centrally placed. The muscle or the tendon 
may be bifid. The tendon alone may be divided, with an ulnar slip 
inserting into the antibrachial fascia. 

From a study of one hundred and fifty consecutive upper extremities 
by Dykes and Anson,°**° it appeared that the accessory tendon of the 
flexor pollicis longus muscle is present more frequently that it is 
absent. In addition to its normal or its main origin from the radius 
and interosseous membrane (which were invariably present), an 
origin from the humerus is almost always present. An additional one 
from the ulna occurs in about one half of the cases. Eighty extremities 
possessed accessory origins, which were present bilaterally in twenty- 
seven cadavers. The regular skeletal origin of the elongate tendon was 
found to be the medial epicondyle of the humerus. The medial side 
of the coronoid process of the ulna offered secondary bony origin in 
11 cases and the coronoid process alone in 1 specimen. Invariably 
the tendon also attached to the capsule of the elbow joint. 

Haines *** emphasizes the importance of some unappreciated liga- 
ments at the base of the first metacarpal bone. He shows that their 
function is a guiding one during axial rotation of the first metacarpal 


534. Reimann, A. F.; Daseler, E. H.; Anson, B. J., and Beaton, L. E.: The 
Palmaris Longus Muscle and Tendon: A Study of 1,600 Extremities, Anat. Rec. 
89:495-505 (Aug.) 1944. 

535. Dykes, J., and Anson, B. J.: The Accessory Tendon of the Flexor 
Pollicis Longus Muscle, Anat. Rec. 90:83-87 (Sept.) 1944. 

536. Haines, R. W.: The Mechanism of Rotation at the First Carpometacarpal 
Joint, J. Anat. 78:44-46 (Jan.) 1944. 
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bone. This motion takes place at the end of the movements of flexion 
and extension of the first carpometacarpal joint. 

The anatomy of the thumb has been subject to new studies by 
Sunderland,®** who describes the elevation of the hypothenar eminence 
in opposition of the thumb to the little finger. This produces a rounded 
contour or arch of the palm, which is lacking in lesions of the ulnar 
nerve. In this injury to the nerve it is the paralysis not only of the 
opponens pollicis muscle but also of the opponens digiti quinti muscle 
which disables the patient. This fact suggests a new test for ulnar 
nerve palsy: the persistent flatness of the dorsum of the hand on 
the affected side when opposition of the thumb and the little finger 
is attempted. 

Sunderland’s succeeding article *** summarizes a series of 12 cases 
in which there was complete loss of power of the long flexors of the 
thumb. It was still possible to flex the distal phalanx of the thumb 
by a trick movement. This consisted in extension-abduction of the 
thumb while the wrist was dorsiflexed. He calls attention to the fact 
that in using flexion of the tip of the thumb as a test for the integrity 
of the median nerve the thumb must be held inside of the plane of 
the index finger. 

Flexor Tendon Injurics.—In the face of the general pessimism with 
regard to flexor tendons which are cut in the digital sheath, Koch °** 
stoutly maintains that good results can be secured if conditions are 
favorable and if the surgeon is willing to expend sufficient time and 
patience. He points out that painstaking attention to detail is neces- 
sary. Trauma to delicate tissues must be avoided if healing with 
little inflammatory reaction is to be obtained. The operating time 
may be as long as five hours. For success, it is essential to have (1) 
fingers with an adequate blood supply and free from excessive scar 
tissue formation; (2) sufficient tendon with a smooth uninjured 
synovial covering; (3) a retentive mechanism, to hold the tendon in 
contact with the volar surface of the finger when tension is put on 
it, and (4) normal mobility at the interphalangeal and the metacarpo- 
phalangeal joints. 

If the available tendon is irreparably damaged, one must provide 
a substitute by one of two methods. The sublimis tendon may be 
divided through a transverse incision just above the wrist and drawn 


537. Sunderland, S.: The Significance of Hypothenar Elevation in Move- 
ments of Opposition of the Thumb, Australian & New Zealand J. Surg. 13:155- 
156 (Jan.) 1944. 

538. Sunderland, S.: Flexion of the Distal Phalanx of the Thumb in Lesions 
of the Median Nerve, Australian & New Zealand J. Surg. 13:157-159 (Jan.) 1944. 

539. Koch, S. L.: Division of the Flexor Tendons Within the Digital Sheath. 

Surg., Gynec. & Obst. 78:9-22 (Jan.) 1944. 
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out through the palmar incision. One or two of the long extensor 
tendons from the lateral four toes may be removed without loss of 
function of the toes. Either of these may be substituted for the pro- 
fundus. Unless the retentive annular ligament is preserved or can 
be repaired, it must be replaced by slip of normal tendon which is 
passed around the finger to form a new annular ligament. 

It is obviously impossible to complete a successful tendon repair 
if the mobility of the joint is limited. Often the first step in treat- 
ment of a patient with an injured flexor tendon is physical therapy 
to secure increased mobility and restore passive flexion at the inter- 
phalangeal and metacarpophalangeal joints. 

The details of locating incisions, mobilizing divided tendons and 
grafting tendons are reviewed. Koch has not given up the use of 
silk sutures. He is reluctant to use steel wire and unwilling to use 
the “pull-out” stitch of Bunnell. The important details of technic 
are emphasized. It is necessary to close the distal incision before 
completing a tendon graft, particularly in the case of a thumb. The 
graft must be long enough to extend well above the wrist so that the 
pull on the suture line will be in a straight line. 


The wrist must be splinted in flexion and the elbow held flexed 
with a sling for six or seven days. During the second and third 
weeks, the dressings are changed at three to four day intervals and 
stitches removed without disturbing the position. Active movement 
is begun at the end of the third week without permitting relaxation 
of the flexed fingers and hand. At the end of three: and one-half or 
four weeks, some relaxation is permitted. During the postoperative 
period, relaxation of the tendons is obtained by sharp flexion of the 
wrist and moderate flexion of the metacarpophalangeal joints but never 
by flexion of the fingers at the interphalangeal joints. 

A summary of the end results of 46 cases of flexor tendon injury 
over a three year period is submitted. Koch concludes: 

If the surgeon is willing to éxercise care to avoid trauma to vulnerable tissues, 
and the patience that is required for a tedious operation and for painstaking care 
during the postoperative period; and if the patient is willing to co-operate with 
a skillful physical therapist when the necessary period of immobilization is com- 
pleted good results can be obtained after division of the flexor tendons within 
the digital sheaths. 


The same subject is discussed succinctly by Bunnell.**° He says 
that primary suture between the distal crease of the palm and the 
middle flexion crease of the finger fails the world over. The tendons 
become bound in adhesions because the tunnel is narrow and firm, 


540. Bunnell, S.: Primary and Secondary Repair of Flexor Tendons of the 
Hand, Tr. Am. Soc. Plastic & Reconstructive Surg. 12:65-67, 1943. 
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so that the tendon ends swell in the process of repair, with loss of 
circulation, necrosis and then binding fibrosis. Silk sutures contribute 
to the reaction. The results are improved by splitting the annular 
ligament or pulley laterally to allow for swelling. Stainless steel sutures 
should be substituted for silk. After three weeks, when the tendon 
ends are physiologically united, stainless steel ‘“‘pull-out” sutures may 
be removed. The suture that irritates the least is the one that is not 
there. Since the muscle pulls from only one end, the suture need be 
placed in only one end. It may be placed in the palm at a distance 
from the site of the laceration, The tendon ends are merely laid 
together or apposed with one fine silk strand. The wrist is held in 
flexion with a plaster splint and the “pull-out” suture brought out 
through the skin at the distal palmar fold, where it is fastened to a 
button. Motion is started in three weeks. Earlier exercise irritates 
and provokes adhesions. If the profundus tendon is divided in the 
fork of the sublimis tendon, the latter should be removed or the two 
will adhere to each other and so move only the middle joint. 

In secondary suture the superficial and deep cicatrix must be excised 
and replaced with a pedicle skin graft when necessary. This provides 
the all-important nutrition. Before tendons can function, nerves must 
be repaired and malunited bones corrected. Carefully chosen incisions 
avoid the pernicious median-longitudinal scar. The incision should 
parallel flexion creases, never crossing them at or near a right angle. 
They should be planned to be remote from tendon repair. When the 
tendon is dropped back into scar tissue, it will readhere unless a sliding 
graft of fascia or paratenon fat is interposed. If this is not available, a 
free graft of paratenon fat from over the triceps tendon or just in front 
of the fascia lata on the outside of the thigh is used. Deep fascia from 
the forearm or from the thigh may be used with the smooth side toward 
the tendon. When a tendon graft is used, its surrounding epitenon 
may be sufficient to allow gliding. Tendon junctures should be placed 
where they will do the least harm, as at the distal phalanx of a finger 
and in the proximal part of the palm. In supplying a new tendon to 
a hand, the aim should be to make a minimum of moving parts and 
a maximum of gliding material. 

Jones’s report **' of suture of flexor tendons of fingers, which was 
successful in 3 cases and partially successful in 6 more, emphasizes 
two points. It is necessary to excise a portion of the sublimis tendon 
to prevent adhesions between the two tendons. If this is not done, 
the distal joint will not flex. The tendon sheath must be cut away 


above and below the laceration. Jones has found it helpful to operate 


541. Jones, R. M.: Successful Suture of Finger Flexor Tendon, Lancet 2:111 
(July 22) 1944. 
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again, three or four months later, to break down adhesions by blunt 
dissection. 

In cases of persistent interphalangeal dislocation, Capurro and 
Russi °** suggest the use of a strip of fascia to maintain the reduction. 
This is passed dorsal to the middle phalanx but volar to the extensor 
tendon. It is then brought around the volar surface of the distal end 
of the proximal phalanx, crossed and brought on either side of this 
phalanx to the extensor tendon, where it is sutured. A pull on the 
extensor tendon thus tends to maintain the position rather than to 
redislocate the finger. 

The syndrome of pain, coldness and discoloration of one or more 
fingers of the dominant hand is reported in 11 cases by Barker and 


In these farmers and mechanics, there was local arterial 


Hines.*** 
occlusion without arteriosclerosis, cervical rib, scalenus syndrome or 
occlusive arterial disease elsewhere. It appeared to the writers that 
the occlusion was the result of chronic occupational arterial trauma. 


Two of the patients used vibrating tools. Two were not smokers. 


XVII. Amputations, Apparatus and Technic 


PREPARED BY J. WARREN WHITE, M.D., GREENVILLE, S. C., AND 
C. J. FRANKEL, M.D., UNIVERSITY, VA. . 


NDER the main headings in this review, one hundred and fifty 
articles were listed in the “Quarterly Cumulative Index Medicus,” 
but, largely because of war time conditions, thirty-eight publications 
were not obtainable, only one hundred and twelve articles being left 
to be actually reviewed. However, of the total number listed, forty- 
two, or 38 per cent, could be classified under the general heading of 
amputations, this fact showing what an influence the war had over 
current medical literature during the year the conflict was at its height. 
Amputations—Of the group of articles on amputation, sixteen, or 
over one third of the total number, had to do with the use of refrigera- 
tion, this figure indicating that a decided trend seems to be in that 
direction or at least that there continues to be much interest in this 
increasingly popular means of obtaining sufficient anesthesia for ampu- 
tations. 
Most of the authors writing on the value of refrigeration in ampu- 
tations emphasize the lowered mortality and diminished shock, citing 


542. Garcia Capurro, R., and Russi, J. C.: Persistent Interphalangeal Dis- 
location, Arch. urug. de med., cir. y especialid. 23:134-137 (Aug.) 1943. 

543. Barker, N. W., and Hines, E. A., Jr.: Arterial Occlusion in the Hands 
and Fingers Associated with Repeated Occupational Trauma, Proc. Staff Meet., 
Mayo Clin. 19:345-349 (June 28) 1944. * 
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its particular value in patients debilitated by vascular disease, initiated 
so frequently by diabetes. 

More and more, the appreciation of exact surgical procedures in 
amputations is apparent together with closer cooperation of the ampu- 
tator with the artificial limb maker. This is particularly emphasized 
by Thomas *** in a well written article that deserves reading in full. 
In a British publication, Cohen **° writes along the same line, dwelling 
especially on the lowered mortality. 

Two articles have appeared in which investigations as regards the 
tolerance of tissue to direct contact of ice on the skin are reported. 
Safford and Nathanson °*® have written a most exhaustive article on 
the effect of difference in temperature, as well as actual cold, on limbs. 
They found that in an arthritic patient with an extremely painful knee 
no apparent damage was done in keeping the temperature of the skin 
of the knee down to 60 F. by Therm-O-Rite fluid. The patient, within 
a few hours of the application of the cold, admitted complete relief 
from pain but did experience some temporary excess swelling of 
the joint. 

It appears to us that the Therm-O-Rite apparatus with the alcohol- 
containing coils used in this experiment may be more exact, but the 
danges of excessive cold with this apparatus and the safety of cracked 
ice seem to outweigh its value, at least for clinical work. In the same 
article, the fact that it is the rapid change of surface temperature that 
produces cutaneous lesions of a similar nature, whether cold or heat is 
the agent, is discussed. The similarity of the lesions resulting from 
frostbites or burns is better understandable on this basis. 

Gandy,*** in investigating temperature of the skin with direct appli- 
cation of cracked ice, states that it varies between 0.5 and 6C. and 
that frostbite need not be feared, as the freezing point of tissue is 
below 0 C. 

Against the argument that ice is a safe refrigerant, Kirz °** reports 
a case of gas gangrene developing after refrigeration amputation, in 
which on culture of the ice anaerobic spores were consistently found. 
Even so, it is difficult for us to understand why infection occurred if 


544. Thomas, A.: Permanent Prosthesis, J. A. M. A. 124:1044-1046 (April 8) 
1944. 

545. Cohen, S. M.: Amputation Under Ice Anesthesia, Proc. Roy. Soc. Med. 
37:232 (March) 1944. 

546. Safford, F. K., Jr., and Nathanson, M. B.: Clinical Observations on 
Tissue Temperatures: Pathologic and Therapeutic Effects, Arch. Surg. 49:12-22 
(July) 1944. 

547. Gandy, J. R.: Reduced Temperature in Surgery, M. Rec. & Ann. 38: 
720-722 (Jan.) 1944. 

548. Kirz, E.: Gas Gangrene After Amputation Under Refrigeration Anes- 
thesia: Warning, Brit. M. J. 2:662 (Nov. 18) 1944. 
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the refrigerated limb had been properly prepared for operation and if 
ice bags, rather than cracked ice, were used after the amputation, as 
is his custom. This is the only article that has been reviewed in the 
literature up to date that has called attention to this menace, which, 
with proper precautions, can be avoided. 

Fearing damage by the cold to tissue distal to the tourniquet, Large 
and Heinbecker *** advise that the amputation level be chosen above 
the refrigerated area. They state that as the patient has been benefited 
from the refrigeration and the elimination of the involved part from 
the circulation he can stand inhalation or spinal anesthesia. We feel 
that there is little to support this claim and if supplementary anesthesia 
is given the main value of refrigeration is not taken advantage of. 
Perlow *°* has written a paper advising that the amputation be done 
above the tourniquet but well below the top level of refrigeration. As 
a practical point, after doing a small series of refrigeration amputations, 
we feel that adequate anesthesia above the tourniquet could hardly 
be counted on, even after many hours of direct exposure to cracked ice. 

Richards,**' possibly justifiably, also sounds a note of warning as 
regards the merits of refrigeration in cases in which amputation is not 
definitely decided on. He calls attention to the fact that while bacterial 
growth is retarded by refrigeration so also is normal tissue response 
to inflammation and that when the cooling is discontinued the inflam- 
matory reaction may even be aggravated. He does admit that refrigera- 
tion is of value when amputation has been decided on. 

Interesting and enthusiastic papers on refrigeration anesthesia have 
been written by Miyakawa, °°? Hallendorf and Winnett,*** Hinchey ** 
and many others, who do not bring out any new points. 

O’Neil **° states that only two to two and one-half hours is needed to 
get adequate anesthesia, urges the use of a narrow tourniquet and 
decries the use of drains. These points are open to considerable ques- 


549. Large, A., and Heinbecker, P.: Refrigeration in Clinical Surgery, Ann. 
Surg. 120:707-715 (Nov.) 1944. 


550. Perlow, S.: Refrigeration Anesthesia in Leg Amputation, U. S. Nav. 
M. Bull. 42:433-437 (Feb.) 1944. 
551. Richards, V.: Refrigeration Anesthesia in Surgery, Ann. Surg. 119: 


178-200 (Feb.) 1944. 

552. Miyakawa, G.: Refrigeration Anesthesia, with Special Reference to Treat- 
ment of Severely Damaged Extremity Complicated by Visceral Injury, Am. J. 
Surg. 66:384-386 (Dec.) 1944. 

553. Hallendorf, L. C., and Winnett, E. B.: Shockless Surgery with Refrigera- 
tion Anesthesia, J. lowa M. Soc. 34:13-15 (Jan.) 1944. 

554. Hinchey, P. R.: Refrigeration in Surgery of Extremities, New England 
J. Med. 230:63-69 (Jan. 20) 1944. 

555. O’Neil, E. E.: Use of Refrigeration in Amputation and Peripheral 
Vascular Disease, New England J. Med. 230:209-216 (Feb. 24) 1944. 
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tion in our opinion, and the interested reader is advised to refer to 
the original paper. If a reduction of the refrigeration time to two 
hours for adequate anesthesia can be obtained by the use of cracked 
ice, a decided advance in the technic has been achieved. 

The Surgeon General of the Army °*** has written an extensive 
history of the development of amputations from earliest times, which 
will be of much reference value for its bibliography, as well as for the 
text. In it he makes no attempt, however, to incorporate the advances 
made during this last war, nor in it does he include the discussion 
of chemotherapy, refrigeration anesthesia or other recent associated 
advances. 

While admitting that the primary cause of painful stumps is in 
terminal neuromas, White ** admits that the possible origin occa- 
sionally is in the posterior central sensory association areas in the 
cerebral cortex. He advises only one excision of postoperative ter- 
minal neuromas. He has found that the only other procedures pro- 
ductive of relief have been sympathectomies and chordotomies. He 
considers the whole subject of painful stumps, in which there has 
been no relief from excision of neuromas, to be in the experimental 
stage. That is not much help to most surgeons confronted with these 
serious problems, but it is a satisfaction that a high authority is baffled. 


In a somewhat similar article, Pisetsky *°* writes of the importance 


of psychiatric factors in phantom limbs, substantiating White's opinions. 


9 


Following this lead, Gutierrez-Mahoney ** performed successfully 
a subpial resection of a portion of the sensory cortex corresponding 
to the amputated part. This seems heroic to us, but it at least solved 
the problem in one patient in a desperate condition. 

Smith °° reports the danger of pathologic fractures, citing par- 
ticularly a fractured femoral neck in a stump too energetically walked 
on after osteoporosis has followed prolonged involvement of the extrem- 
ity ending in amputation. The moral of this is that amputees must 
not be too energetically urged to use excessively their involved extrem- 
ity after long disuse. 


556. Kirk, N. T.: Development of Amputation, Bull. M. Library A. 32:132- 


163 (April) 1944. 

557. White, J. C.: Pain After Amputation and Its Treatment, J. A. M. A. 
124: 1030-1035 (April 8) 1944. 

558. Pisetsky, J. E.: Phenomenon of Phantom Limb, M. Bull. Vet. Admin. 
20: 320-323 (Jan.) 1944. 

559. de Gutiérrez-Mahoney, C. G.: Treatment of Painful Phantom Limb by 


Removal of Post-Central Cortex, J. Neurosurg. 1:156-162 (March) 1944. 
560. Smith, N.: Fracture of Neck of Femur After Amputation, Brit. M. J. 
2:501 (Oct. 14) 1944. 
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Differing from conventional concepts, Alldredge **' recommends 
elevation and use of drains after amputation, not warning specifically 
about the possibility of acquiring flexion deformities. He does not 
recommend skin traction except when swelling causes tension of sutures. 
He urges guillotine amputation at the knee for bad compound septic 
fracture in the upper part of the tibia and fibula to be followed by 
secondary supracondylar tendon plastic amputation later. There seems 
to be some question about these points in our minds, and the reader is 
referred to the article for confirmation. 


Surgical Technic.—As regards surgical technic in amputations, 
many articles have appeared, including two on girdle amputations, one 
involving an upper and one a lower extremity. Neither of the latter 
offers anything new in the way of procedure. The one describing the 
scapulohumeral disarticulation °°? mentions that it is a much less formid- 
able operation than ordinarily considered. The other *** emphasizes 
the importance of coincidental transfusions in the interinnominoab- 
dominal amputation and reports 2 cases with successful results. 

Kessler *** has written another paper on cineplastic operations, 
recommending that they be reserved for amputations below the elbow 
rather than above. This complicated surgical procedure is mentioned 
in many articles, only to be discouraged for the average amputator. It 
is most satisfactory that this surgeon is still enthusiastic about a 
procedure which is beyond the ability of most surgeons. The fact 
that Kessler has an enthusiastic artificial limb maker close at hand, 
an arrangement not commonly encountered, probably explains his con- 
sistent success in a problem in which many have failed. Here is another 
instance of the necessity of the close coordination of two relatively 
independent workers in the production of a successful result. He 
describes nothing new which might simplify the procedure. 

The production of a synostosis between the distal ends of the tibia 
and fibula is recommended by Barber °° to produce a better weight- 
bearing cone-shaped stump for more normal use. He mentions the 
need of epiphysiodesis of the fibula in growing children to avoid a 


561. Alldredge, R. H.: Management of War Amputations in General Hos- 
pital, New York State J. Med. 44:1763-1770 (Aug. 15) 1944. 
562. Wishner, J. G.: Scapulo-Humeral Disarticulation: Case Report, Bull. 


Hosp. Joint Dis. 5:37-42 (April) 1944. 

563. Ghormley, R. K.; Henderson, M. S., and Lipscomb, P. R.:  Interin- 
nomino-Abdominal Amputation for Chondrosarcoma and Extensive Chondroma: 
Report of Two Cases, Proc. Staff Meet., Mayo Clin. 19:193-199 (April 19) 1944. 

564. Kessler, H. H.: Symposium on Reparative Surgery: Cineplastic Ampu- 
tations, S. Clin. North America 24:453-466 (April) 1944. 

565. Barber, C. G.: Amputation of Lower Leg with Induced Synostosis of 
Distal Ends of Tibia and Fibula, J. Bone & Joint. Surg. 26:356-362 (April) 1944. 
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disparity in length of the two bones. We, who have had some experi- 
ence with epiphysiodesis, wonder why he does not include the tibia 
as well, as a deformity is likely to occur if the growth of one bone 
is arrested without including that of the other. 

Electrical desiccation as a mode of treating nerve ends is recom- 
mended by Bate.°*® This is a preliminary report, and further con- 
clusions will be hoped for at a later date. Along this same line, 
Soldrey °** also makes a preliminary report on the implanting of nerve 
ends in bone. It is encouraging to learn that some surgeons are not 
satisfied with any of the present varied technics, and it is to be hoped 
that some time a more certain method will be evolved to avoid pain- 
ful neuromas. after amputation. 

Surgeon-General Kirk,°** long interested in amputations, with 
McKeever has written an exhaustive treatise on the popular guillotine 
amputation, popular at least from a military point of view. The authors 
decry particularly the dangers of early closed amputations and emphasize 
the importance of well applied skin traction. 

For more efficient skin traction, particularly in the tropics, 
Magrath *** writes another military article, recommending the use of 
strips of Lucite, possibly 4% by 1 inch (1.2 by 2.5 cm.), four or more 
in number, placed on the surface of the skin conveniently near its 
edge to hold wires or other suitable suture material as a sort of mattress 
stitch for traction. This, we feel, is a particularly estimable idea 
and recommend its employment, even in temperate climates. 

McKeever,**® in another military article, recommends the guillotine 
operation in the upper as well as in the lower extremity. He states 
that skin traction is essential and advises against any type of skin grafting 
for the stump end. 

In an effort to eliminate ill health in long-suffering persons with 
incurable osteomyelitis, Key °*' advises amputation. There are many 
chronic sufferers with this condition, for which this admittedly radical 
operation is unquestionably the best solution. 

566. Bate, J. T.: Method of Treating Nerve Ends in Amputations, Am. J. 
Surg. 64:373-374 (June) 1944. 

567. Boldrey, E.: Amputation Neuroma in Nerves Implanted in Bone, Ann. 
Surg. 118:1052-1057 (Dec.) 1943. 

568. Kirk, N. T., and McKeever, F. M.: Guillotine Amputation, J. A. M. A. 
124:1027-1030 (April 8) 1944. 

569. Magrath, J. L.: Traction of Soft Tissues: New Method Following 
Amputation, Mil. Surgeon 94:373-374 (June) 1944. 

570. McKeever, F. M.: Upper Extremity Amputations and Prosthesis, J. Bone 
& Joint Surg. 26:660-669 (Oct.) 1944. 

571. Key, J. A.: Amputation for Chronic Osteomyelitis, J. Bone & Joint 
Surg. 26:350-355 (April) 1944. 
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7° 


Peterson,®** in another military article, discusses the management 
of the whole amputation problem in the army and the plan of handling 
the thousands of cases in the five amputation centers established in this 
country in March 1943. Much progress should evolve from this com- 
prehensive coordinated effort to give these soldiers the best results 
possible. It is to be hoped that the same enthusiasm continues in the 
veterans’ facilities, which will be carrying on this service in peacetime. 

For surgeons interested particularly in amputations of hands, Slocum 
and Pratt °** have written a well illustrated article that deserves careful 
reading. They differ with Perkins, a Britisher,®*° as regards amputa- 
tions at the wrist. The latter argues for a 7 inch (18 cm.) stump in 
the forearm, as an artificial arm cannot be made to fit the distal radio- 
ulnar articulation satisfactorily. 

Perkins discusses the time-honored argument relative to the Syme 
amputation and, being British, believes that this operation, done so 
well by the Canadians, should be reserved for men and should be done 
only by experts. He mentions that one of the chief arguments in 
favor of the Syme amputation is that the amputee can-walk on his 
stump, but he states that he has yet to see one who when he has his 
prosthesis off does not hop as do those with a conventional amputa- 
tion below the knee. He feels that the cineplastic amputations should 
not be done. They are too complicated for the average surgeon, and 
if the results are successful the limb is frequently under less control 
than with a simple stump activated the usual way. 

In an article from Russia, Labok and Shenk *® argue for early 
reamputation following the undescribed original procedure, probably 
of the guillotine variety—in any event, not a closed operation. In as 
high as 88 per cent of the cases, satisfactory stumps are obtained after 
reamputation. Two per cent of the unsatisfactory stumps require 
further surgical treatment, an excellent record. 

Barnett and Weinstein °** describe what they call a traction cast, 
better called a plaster cuff, into which is incorporated a Thomas splint 
sort of loop, to which a skin traction arrangement is fastened. The 
apparatus junctions as does a Thomas splint except that the ring is 


572. Peterson, L. T.: Army Amputation Program, J. Bone & Joint Surg. 
26 :635-638 (Oct.) 1944. 

573. Slocum, D. B., and Pratt, D. R.: Principles of Amputations of Fingers 
and Hand, J. Bone & Joint Surg. 26:535-546 (July) 1944. 


574. Footnote deleted. 
575. Perkins, G.: Amputations, Brit. J. Surg. 31:377-384 (April) 1944. 
576. Labok, D. M., and Shenk, N. A.: Early Re-Amputation, abstracted, 


Bull. War Med. 5:21-22 (Sept.) 1944. 


577. Barnett, H. E., and Weinstein, L.: Use of Traction Cast in Guillotine 
Amputations, Bull. U. S. Army M. Dept., October 1944, no. 81, pp. 83-87. 
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replaced by the cone-shaped cuff which serves for countertraction. 
Stockinet glued to the skin with Ace Adherent is employed for traction. 
This article is well illustrated, and the suggestion avoiding the “weight 
over the end of the bed”’ difficulty is well taken, in addition to the fact 
that it is self contained. An abbreviated Thomas splint arrangement 
for this purpose has been described by Pease.*** 

An article further decrying the grafting of skin on amputation 
stumps has been written by Thompson and Alldredge.**® The danger 
of primary closure is also discouraged strenuously, particularly in 
military service. As this is another army production, the guillotine 
amputation is advocated along with skin traction. Little mention in 
any of these articles is made of the treatment of nerve ends, which 
means probably that they are just cut off an inch or so proximally to 
the muscle edge and allowed to retract without further treatment. 

More below knee amputations in persons with diabetes are advo- 
cated, whenever possible, by Silbert.°*° He stated that in twelve 
representative New York hospitals there was a mortality of 47 per cent 
in six hundred and thirty-seven thigh amputations. He surprisingly 
does not advocate skin traction, even though he uses a guillotine ampu- 
tation. He advises against tourniquets, as he reported that he had a 
number of gangrenous stumps after starting the series. In his ampu- 
tations below the knee, he only had 6 per cent mortality in a series of 
82 patients. In favor of amputations below the knee, he states that 
there are fewer painful stumps and that the artificial legs are more 
often worn. 

Two military articles on prosthesis have been written by Thomas,’*? 
in which the following points have been stressed: The stump fit, 
the alinement, the length and the durability of a limb are much more 
important than the type. The success of a limb depends to a con- 
siderable extent on the success of the amputation. Thomas discusses 
the mechanics of walking with an artificial leg, in a most understand- 
able way. 

The use of prostheses for children is discussed by Craft.°** He 
approves of the temporary amputations through the knee if: children 


578. Pease, C. N.: Self-Retaining Traction for Use in Amputations, Bull. 
U. S. Army M. Dept., April 1944, no. 75, pp. 115-116. 
579. Thompson, T. C., and Alldredge, R. H.: Amputations: Surgery and 


Plastic Repair, J. Bone & Joint Surg. 26:639-644 (Oct.) 1944. 

580. Silbert, S.: Amputation Below Knee for Gangrene in Diabetic: Pre- 
liminary Report, Am. J. Digest. Dis. 11:394-397 (Dec.) 1944. 

581. Thomas, A.: Anatomic and Physiologic Considerations in Alignment 
and Fitting of Amputation Prosthesis for Lower Extremity, J. Bone & Joint 
Surg. 26:645-659 (Oct.) 1944; Permanent Prosthesis, J. A. M. A. 124:1044-1046 
(April 8) 1944. 
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for the sake of getting a longer femur, recalling the fact that most of 
growth occurs in the femur at the distal end. An elbow amputation 
is not justified, as there is not much growth from the distal end of the 
humerus. The point of election in the humerus he believes to be the 
distal end of the middle third. This is a good article on a much neglected 
subject. 

The knee joint of an artificial leg does not satisfy Keith,°** and he 
has devised a compound-acting articulation, which with his explanation 
appears to have definite merits, and one wonders why it is not in 
general use. Its chief object is to give more anteroposterior play in 
order to avoid excessive pressure at the front of the socket. There 
must be something wrong about it, as it otherwise would have been 
adopted by all limb makers. 

Suggestions regarding amputations of fingers that have: not yet 
appeared in the textbooks are contributed by Kutler °*' and, for more 
extensive injuries to those parts, by McCarroll.*** Both articles are 
directed toward the preserving of as much length as possible by use 
of adjacent flaps or free splint skin grafts. The procedures are too 
complicated to abstract adequately, and the reader is referred to the 
worth while original articles. 

Writing about his work in wartime China, Adolph **® extols the 
use of the “delimiting tourniquet’”’ in cases in which a diseased or a 
hopelessly mangled limb is endangering the life of a person in too poor 
physical condition to allow immediate conventional amputation. In 
his experience he has never seen gas gangrene penetrate the tourniquet 
and for this condition has few opportunities for its use. - In cases in 
which gas gangrene is not too extensive, he feels that conservative 
treatment—that is, drainage and immobilization—is more _ successful 
in saving lives than is amputation. 

Cottrell °°? publishes a report on the use of sclerosing agents com- 
bined with drainage for the relief of bursal inflammation. In a series 

582. Craft, A. W. J.: Prostheses for Children, Lancet 1:639-642 (May 13) 
1944, 

583. Keith, R.: Proposed Alteration in Knee Joint of Prosthesis for Below 
Knee Amputation, Ann. Surg. 120:803-808 (Nov.) 1944. 

584. Kutler, W.: Method for Repair of Finger Amputation, Ohio State M. J. 
40:126 (Feb.) 1944. 

585. McCarroll, H. R.: Immediate Application of Free Full-Thickness Skin 
Graft for Traumatic Amputation of Finger, J. Bone & Joint Surg. 26:489-494 
(July) 1944. 

586. Adolph, P. E.: Preoperative Measures Used in War Surgery in China, 
with Special Reference to Delimiting Tourniquet, Ann. Surg. 119:246-252 (Feb.) 
1944, 

587. Cottrell, J. C.: Conservative Treatment of Chronic Bursitis by Injection 
of Sclerotic Agents Combined with Drainage, J. A. M. A. 124:81-83 (Jan. 8) 1944. 
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of 27 cases he claims to have obtained twenty-five cures, using various 
sclerosing agents, such as 5 and 10 per cent sodium morrhuate, 0.5 per 
cent tincture of iodine, proliferol solution and Sylnasol (a solution of 
the sodium salts of various of the fatty acids of psyllium seed oil) 
5 per cent. The latter he found best for relief of mild types of irrita- 
tion, without excessive reaction. He employed a small self-retaining 
drain of his own device. Although this may have the advantage of 
being an office procedure, one wonders if for the radical removal in 
the operating room of these bursae that do not respond to conserva- 
tive treatment, a treatment such as simple pressure with sponge rubber 
is not preferable. 


588 


for all 
peripheral nerve problems in which it may be suitable. The tolerance of 


The use of tantalum wire and foil is urged by Spurling 


tissue to this inert but, unfortunately, expensive material justifies its use. 
With increased use, it is to be hoped that its price will become more 
reasonable. 

Davis *8° describes what seems to be a satisfactory one step fibular 
substitution of a defective tibia. He thinks that it might be useful 
in nonunions of the tibia, in which ordinary bone-grafting methods 
seem inadequate. He warns that the operation is difficult and should 
not be undertaken lightly. He has had success in all 6 cases in which 
he has tried this procedure. 

Stubbins and White °° have made a report on their ten year experi- 
ence with growth arrests. They have found that the previously reported 
(1938) yardstick for calculating speed of retardation of 34 inch (0.9 
cm.) for the distal femoral metaphysial plate and % inch (0.6 cm.) 
for the proximal plates of tibia and fibula to be tenable. Their modi- 
fication of the Phemister operation was found to be adequate for the 
elimination of the growth disk, and no deformities had resulted. They 
found that in a few of their earlier cases they had been too enthusiastic 
and had obtained an overcorrection of the original shortening. 

Albee,®*! in his extensive discussion of the evolution of bone trans- 
plantation, calls particular attention to the fact that nonunion is usually 
a biologic and physiologic deficiency and not a mechanical problem. 


588. Spurling, R. G.: Symposium on War Surgery: Use of Tantalum Wire 
and Foil in Repair of Peripheral Nerves, S. Clin. North America 23:1491-1504 
(Dec.) 1943. 

589. Davis, A. G.: Fibular Substitution for Tibial Defects, J. Bone & Joint 
Surg. 26:229-237 (April) 1944 

590. White, J. W., and Stubbins, S. G., Jr.: Growth Arrest for Equalizing 
Leg Lengths, J. A. M. A. 126:1146-1149 (Dec. 30) 1944. 

591. Albee, F. H.: Evolution of Bone Graft Surgery, Am. J. Surg. 63:421- 
436 (March) 1944. 
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30th Steinbrocker *** and Gorrel *** once more call attention to the 
value of the simple office procedure of making injections into the trigger 
point of pain, particularly in patients with arthritis for which there is no 
obvious cause. The relief often is only temporary, but if repeated a 
vicious cycle can be sometimes broken up. This old method seems to 
merit another trial. 

The holding of the proximal end of lacerated unsuturable tendons 
in approximation by a needle in the soft parts to prevent retraction is 
advocated as a practical method by Gebhard.*** The needle projecting 
through the skin is left in place ten to twelve days and then withdrawn. 
Gebhard does not mention how many times he has been successful 
with this simple solution of an often difficult problem, when one hesi- 
tates to do a formal tendon transplantation in a fresh wound. 

A posterior approach to the middle three fifths of the femur is 
described by Bosworth **® as a worth while procedure. He gives as 
advantages (1) ease of exposure of area, (2) less bleeding, (3) adequate 
exposure for two bone plates and (4) no muscle scars or adhesions. 
He warns against injury to the sciatic nerve. 

The use of reduced temperatures for procedures other than ampu- 


596 


tations is mentioned by Massie *** when he calls attention to the “inex- 
cusable menace of applying heat to tissue with reduced and inelastic 
blood supply.” It is going to take a long time for this idea to become 
disseminated throughout the medical profession, and frequent mention of 
this ‘‘about face” in therapy is desirable. It is important for the general 
practitioner to realize that ice bags instead of heat should be applied 
to the pallid cold forearm in a child with a fractured elbow. In this 
way, the conversion of muscle tissue into a contracting fibrous band 
may be minimized to some extent. 
* Friederwitzer °°’ has gone so far as to recommend the employment 
of ice and ice water as an anesthetic agent in the treatment of local 
sepsis as well as of dislocated fingers and even elbows. The idea seems 

592. Steinbrocker, O.: Therapeutic Injections in Painful Musculoskeletal Dis- 
orders, with Special Reference to Saline-Procaine Test, J. A. M. A. 125:397-401 
(June 10) 1944. 

593. Gorrel, R. I.: Treatment of Skeletal Pain with Procaine Injections: 
Analysis of 295 Cases in General Practice, Am. J. Surg. 63:102-104 (Jan.) 1944. 

594. Gebhard, U. E.: Repair of Tendons by Transfixion, Indust. Med. 18:, 
38-39 (Jan.) 1944. 

595. Bosworth, D. M.: Posterior Approach to Femur, J. Bone & Joint Surg. 
26:687-690 (Oct.) 1944. 

596. Massie, F. M.: Amputation with Refrigeration Anesthesia,.South. M. J. 
37:1-6 (Jan.) 1944. 

597. Friederwitzer, H. H.: Ice as Local Anesthetic, M. Rec. 157:42-43 (Jan.) 
1944. 
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a little fantastic, and it is felt that further experimental work should 
be done on it before it can be accepted., 

Surgical Instruments——A device for the recovery of the shaft of 
a screw or similar foreign body in bone whose head has been wrenched 
off is described by Wolferman, 


598 


which on one occasion helped us to 
get out of a difficult situation. Wolferman describes it as a dowel 
with a hollow center, which fits over the shaft of the screw and cuts 
around it sufficiently to permit its being grasped and extracted. It is 
a useful instrument to have in one’s screw kit. He further urges its 
use in procuring a sample of bone for biopsy, just as a well driller 
would extract a core of rock for chemical assay. 

Only six articles have appeared in 1944 describing new surgical 
instruments, one of these, from El dia médico, not being available to us. 

A motor-driven screw-holding screwdriver has been described by Daw- 
son.°** This is simply a self-holding screwdriver adapted for use with 
some motor driven apparatus, such as the Luck saw, with which a 
low speed is possible. One drawback is that in the use of this the 
force needed to drive the screw in is not. appreciated sufficiently. One 
of the niceties of bone surgery is the proper use of screws in bone, and 
it is feared that this apparatus tends to lessen the exactness of this point 
in technic. 

A simple miter box arrangement for cutting and facilitating the 
correct approximation of severed nerve ends has been described by 


600 


Gross. It should appeal to surgeons doing much work of this sort, 
who should welcome an instrument that would make approximation 
more accurate than the usual freehand procedure. We wonder whether 
the same idea might not be employed in some way for fashioning fresh- 
ened bone surfaces in nonunions preparatory to and coincidental with 
the application of an onlay graft. . 

Another wire tightener and knot tier has been devised by Harris °° 
and should be investigated by those (including us)who are not satis- 
fied with their present procedure. The author suggests a knot rather 
than a twist, as there is less likelihood of projecting wire ends. 

To supplement the equipment for the purpose already devised, 
Peyton, Hall and French °°? recommended a hook traction instrument 
for head traction under the zygomatic arch. The chief advantage the 


598. Wolferman, S. J.: Retriever, J. Bone & Joint Surg. 26:407 (April) 1944. 


599. Dawson, G. R., Jr.: Motor Driven. Screw-Holder-Screw-Driver, South. 
M. J. 37:587-588 (Oct.) 1944. 
600. Gross, S. W.: Device for Accurate Approximation of Peripheral Nerves, 


Bull. U. S. Army M. Dept., April 1944, no. 75, p. 118. 


601. Harris, R. I.: Instruments for Tightening Knots in Steel Wire, Lancet 
1:504 (April 15) 1944. 
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authors claim is that desirable hyperextension is obtainable. We wonder 
whether the visible scarring on the side of the face with this instrument 
would not tend to discourage its use. The idea is a good one, and in 
emergencies, when other apparatus is not available, ordinary fishhooks 
with the barb filed off might be employed. 

Apparatus.—Nineteen articles that might be classified under this 
heading have appeared in 1944; only eight, however, are felt to warrant 
mention in this review. 

An apparatus looking like a cookie cutter with a small included 
plumb bob has been devised by Patrick,°°* a Britisher, for measuring 
forearm rotation, a somewhat difficult determination to make as accu- 
rately as desired without the help of such an instrument. 

Another Britisher has devised a table knife holder for use by a 
partially paralyzed hand that deserves mention and more publicity 
in this country. This article by Heal*®™* is well illustrated, and the 
reader is referred to it for better understanding. 

Brayton ®* has attached a couple of rubber vacuum cups to the 
back of a hand brush for attachment to a lavatory to help a one-armed 
man wash his hands. All veterans with an amputated upper extremity 
should be informed about this worth while aid for persons so handi- 
capped. 

Another method, similar to one published several years ago in 
the American literature using the hydraulic lifting device in the base 
of an operating table, was described by Lee,®°® a Britisher, for exerting 
tibial traction. As a protection against use of too much force in this 
powerful arrangement, a “tensometer” spring is employed. There 
must be other purposes to which this easily available force may be 
advantageously applied. 

Jewett °°? has found many other uses than that originally intended 
for the conventional walking stirrup used in the Navy. It is par- 
ticularly applicable as it was made for incorporation in plaster. Among 
other uses, it can be employed as a point d’ appui for’ Crutchfield tongs 


602. Peyton, W. T.; Hall, H. B., and French, L. A.: Hook Traction Under 
Zygomatic Arch in Cervical Spine Injuries, Surg., Gynec. & Obst. 78:311-313 
(Sept.) 1944. 

603. Patrick, J.: Goniometer for Measurement of Supination and Pronation, 
Brit. M. J. 2:246 (Aug. 19) 1944. 

604. Heal, J. C.: Table-Knife Holder for Use by Partially Paralyzed, Brit. 
M. J. 2:782 (Dec. 18) 1943. 

605. Brayton, J. R.: Device to Aid Washing of Hand by Patient with Ampu- 
tated Arm, J. A. M. A. 124:256 (Jan. 22) 1944. 

606. Lee, J. E. S.: Reduction of Leg Fractures by Hydraulic Tibia Traction, 
Brit. M. J. 2:152 (July 29) 1944. 

607. Jewett, E. L.: Different Uses for Walking Stirrup, U. S. Nav. M. Bull. 
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against the shoulder, “sugar tong” forearm extension and olecranon 
extension. 

An accurate method of measuring bone length is recommended by 
Gill,°°* who uses a modification of the Millwee method of slit scanog- 
raphy. The principle employed is similar to that used in a panoramic 
camera and avoids distortion of the shadow of the bone on the roent- 
genogram, from a moving x-ray tube. Only approximately vertical 
rays passing through the object reach the film and therefore record 
the length accurately. The article is complicated and for proper under- 
standing must be studied. A true undistorted roentgenogram of bone 
length is obtainable and is useful, of course, in the study and recording 
of bone growth. 

\ better chin support for fractured jaws than that obtainable at 
the cosmetic counter has been devised by Thuss,°’? who simply con- 
nects a cap to a chin pad with rubber hands on each side, of sufficient 
strength to give proper immobilization for a fracture or simple temporo- 
mandibular arthritis. Small safety pins may be used or, better, regular 
shoehooks or eyelets for the attachment of the bands. 

A self exerciser for upper and lower extremities, simple in action 
and made largely of crutch parts, has been devised by Newman *'® 
for use in naval hospitals. Its very simplicity is appealing, and it 
would be an addition to any physical therapy department. Another, 
similar to it, has been described by Amrhein.*™ 

Splints—In England, Campbell *’* calls attention to a material, 
trade-named there Perspex, which is evidently what is in the United 
States called Lucite, technically a methyl methacrylate, which is 
useful for splints, particularly for the wrist. It may be cut the proper 
size from a sheet with a jigsaw and fitted after being softened in 
boiling water. If a couple of layers of stockinet are placed over the 
part to be fitted, the heat can be tolerated, at least momentarily, long 
enough to mold it properly. We understand that E. I. Du Pont de 
Nemours and Company is still working on this material in an effort 
to lower its softening temperature point, which, if done, will make it 
much more useful. 


608. Gill, G. G.: Simple Roentgenographic Method for Measurement of Bone 
Length: Modification of Millwee’s Method of Slit Scanography, J. Bone & 
Joint Surg. 26:767-769 (Oct.) 1944. 

609. Thuss, C. J.: Simplified Chin Support, J. M. A. Alabama 13:387-388 
(June) 1944. 

610. Newman, L. B.: Exercising Device for Increasing Joint Action, U. S. 
Nav. M. Bull. 43:559-561 (Sept.) 1944. 

611. Amrhein, I. J.: Homemade Exercise Devices for Physical Therapy, with 
Evaluation for Field Use, Physiotherapy Rev. 24:91-95 (May-June) 1944. 

612. Campbell, J. P.: Plastics in Splint-Making, Brit. M. J. 1:152 (Jan. 29) 
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Jordan “'* has revived and somewhat improved an abduction splint 
for the upper extremity dependent on the three point principle, one 
point in the opposite axilla, the second over the shoulder of the involved 
arm and the third under the upper arm. It avoids the vertical body 
piece, but we are afraid that it is not so comfortable or secure. 

A new pneumatic ambulatory splint has been devised by Curry,°"* 
but it should still be considered on probation. The idea seems good, 
but considerable work apparently needs to be done on it before it can 
be put on the market. 

Henry *'® has devised another humerus splint, allowing abduction 
to be maintained as desired and consisting of wooden supporting struc- 
tures which fit into a form-fitting canvas belt encircling the thoracic 
cage. There is nothing particularly new about this device except the 
idea of combining wood with a canvas jacket arrangement. 

A simple small slotted gutter-like arrangement for fractured fingers 
that need to be stabilized by positive traction has been described by 
Saypol.*'® The aluminum splint is held by a forearm plaster extending 
into the palm. The necessary, stabilizing traction is maintained by a 
needle passed through the pulp of the distal phalanx just anterior to 
the bone. The article is well illustrated, and for any one not satisfied 
with his present technic this is worth reading. 

Plaster Technic—A_ plasic material, trade-named Aire-Lite, is 
described by Kulowski*'* as suitable supportive apparatus and is 
employed somewhat as plaster of paris. The claimed advantage is its 
light weight, porosity, resistance to moisture, nonresistance to roentgen 
rays and “general tidiness.” Its chief drawbacks are the difficulty of 
application, including the long setting time. The authors do not mention 
it, but we fear that it is also much more expensive than plaster. It 
must be considered as a new untried material that may in the course 
of time prove generally impracticable but yet have many advantages. 

Luck *'® has writteen two articles on plaster casts, one a most 
extensive treatise on the physical qualities of plaster cases, going 

613. Jordan, H. H.: Improved Abduction Splint for Upper Extremity, J. 
Bone & Joint Surg. 26:600-601 (July) 1944. 

614. Curry, G. J.: Pneumatic Leg Splint: Preliminary Report, J. A. M. A. 
125:966-968 (Aug. 5) 1944. 

615. Henry, R. W.: Practical Humerus Splint, J. Bone & Joint Surg. 26:593- 
596 (July) 1944. 

616. Saypol, G. M.: Splint for Treatment of Fractured Fingers Requiring 
Traction, Mil. Surgeon 95:226-228 (Sept.) 1944. 

617. Kulowski, J.; French, A. M., and Erickson, H. R.: Aire-Lite: New 
Plastic Medium of Clinical Immobilization, Am. J. Surg. 66:315-327 (Dec.) 1944. 

618. Luck, J. V.: Plaster of Paris Casts, Bull. U. S. Army M. Dept., August 
1944, no. 79, pp. 44-49; Plaster of Paris Casts: Experimental and Clinical Analysis, 
J. A. M. A. 124:23-29 (Jan. 1) 1944. 
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exhaustively into the mechanical or the physiomechanical explanation 
of the setting. This article should be read by every intern and resident 
on orthopedic services, as it explains well many of the whys and where- 
fores of plaster technic. i 

Plans for a plaster equipment cart have been drawn by Foster,*” 
of the United States Army. They should be reviewed by any one 
contemplating making such a piece of hospital furniture. 

An Englishman, Flower,®**° recommends once more the use of wire 
for cutting plaster casts, without any new improvements to make his 
technic any better than many others of the same type already devised, 
all of which work if the plaster is not too thick or too thin. What 
is needed still is an instrument that will cut plasters, regardless of their 
thickness, without endangering the patient. In our hands the old 
Stillé plaster cutter is still the best. 

Carbon as a deodorizing agent in plaster casts is recommended in 
a new form by Lambert and Stickney.** This has been recommended 
before, and the article deserves reading by persons who are interested. 
It does not seem to have any advantage over lactic acid in keeping 
down odors, but the latter leaves much to be desired. It is to be 
hoped that some one may devise some sort of container that can be 
fitted over malodorous casts, with some sort of a neutralizing chemical 
which can be changed as required. 


619. Foster, G. B., Jr.:. Plaster Cast, Bull. U. S. Army M. Dept., March 
1944, no. 74, pp. 120-121. 


620. Flower, N.: Wire Plaster Cutter, Lancet 2:504 (Oct. 14) 1944. 
621. Lambert, C. N., and Stickney, D. W.: New Deodorizing Plaster Bandage, 
J. Bone & Joint Surg. 26:836-837 (Oct.) 1944. 
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KIDNEY 

NOMALIES.—Heslin and Milner* emphasized the importance of 
anomalies of the upper part of the urinary tract as the cause of 
damage to the kidneys. They referred to the work of Gutierrez and 
others in improving the diagnosis and treatment of these conditions. 
There are no pathognomonic symptoms of such anomalies of the urinary 
tract; general abdominal symptoms, sometimes without any symptoms 
referable to the urinary tract, often are present. The diagnosis depends 
on keeping the possibility of these anomalies in mind and on the use 
of intravenous urography in cases of vague pain in the abdomen and 
back and recurrent infection of the urinary tract. If intravenous urog- 
raphy is unsatisfactory, it must be supplemented by retrograde pyelog- 
raphy. Retrograde pyelography is also necessary to secure information 
to indicate the treatment to be used and to guide the surgeon. Removal 
of the factor causing the obstruction and resulting damage to the kidney 
may require only a simple procedure or a complicated plastic operation. 
In such operations, careful splinting of the ureter, the use of fine sutures, 
careful coaptation of the edges and nephrostomy drainage for varying 
periods are of importance in securing a successful result. The authors 


This article has been released for publication by the Division of Publications 
of the Bureau of Medicine and Surgery of the United States Navy. The opinions 
and views set forth in this article are those of the writers and are not to be con- 
sidered as reflecting the policies of the Navy Department. 

1. Heslin, J. E., and Milner, W. A.: Anomalies of the Upper Urinary Tract, 
New York Staté J. Med. 45:388-390 (Feb. 15) 1945. 
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have also found that the administration of the sulfonamide drugs before 
and after operation has improved results. 

Gutierrez * pointed out that congenital malformations may give rise 
to abdominal symptoms and that the presence of the anomaly itself may 
be unsuspected unless a urologic examination is made. Such malforma- 
tions may, however, cause symptoms referable to the urinary tratt or 
be associated with other pathologic conditions which cause such symp- 
toms. When excretory urography shows the presence of such an 
anomaly, a complete urologic examination should be made. This should 
include bilateral retrograde pyelograms. If such studies show total 
absence of function of the involved kidney, nephrectomy is indicated, 
but in selected cases conservative “orthopedic” operation for correction 
of the malformation can be done with good results. The most common 
congenital anomalies of the kidney are congenital hydronephrosis, double 
kidney, horseshoe kidney, large solitary cyst of the kidney and poly- 
cystic kidney. 

The commonest causes of congenital hydronephrosis are stenosis or 
stricture at the ureteropelvic junction with or without valve or con- 
stricted fibrous ring, aberrant polar blood vessels, fibrous bands of 
adhesions with kinking of the ureter, high insertion of the ureter and 
malposition of the kidney. The details of the plastic procedure depend 
on the condition present in each case, but in all the author’s cases of 
this type complete nephrolysis and ureterolysis were done. In some 
cases nephrostomy was performed and drainage was continued for from 
three to four or six weeks. Nephropexy was also done in all cases 
to maintain the kidney and ureter in good position. In cases of double 
kidney, the best results are obtained with heminephrectomy and removal 
of the corresponding ureter. The operation may be completed by 
nephropexy of the half of the kidney left in situ. 

Horseshoe kidney is one of the most important congenital malforma- 
tions of the kidney. Cases of horseshoe kidney may be classified in 
five groups: (1) cases in which there are no painful symptoms (silent 
type) ; (2) cases in which there are indefinite abdominal pain, urinary 
symptoms and gastrointestinal symptoms; (3) cases in which there 
is a gross pathologic lesion in half the fused organ; (4) cases in which 
there is a gross pathologic lesion in both renal pelves, and (5) cases 
in which the anomaly is associated with other anomalies, such as dupli- 
cation of one or both pelves and ureters. For the reconstruction of 
the fused organ in cases in which there are typical symptoms of horse- 
shoe kidney (group 2), symphysiotomy, or division of the renal isthmus 
by an extraperitoneal route, is done. This is followed by nephrolysis, 


2. Gutierrez, R.: Orthopedic Surgery for Reconstruction of Congenital Mal- 
formations of the Kidney, Surgery 17:122-134 (Jan.) 1945. 
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ureterolysis and right nephropexy. In cases of group 3—that is, cases 
in which there is a gross pathologic lesion in one of the halves— 
various procedures may be used. Pelviureteral anastomosis may be 
necessary for correction of hydronephrosis. In some cases of advanced 
nephrolithiasis, tuberculosis or tumor of half of the horseshoe kidney, 
heminephrectomy is indicated. 

In cases of large solitary cysts of the kidney, a conservative opera- 
tion is often possible. One may perform either a total resection of the 
cyst alone or a partial nephrectomy so designed as to reconstruct the 
organ. In cases of polycystic kidney, nephrectomy may be indicated 
if there is sufficient function in the kidney on the opposite side. Con- 
servative operation such as pyelolithotomy, nephrolithotomy, multiple 
aspiration of cysts and renal decapsulation may also be done in some 
instances. 

Tumors.—Hanley * stated that bilateral renal carcinoma is extremely 
rare and that only about 9 cases have been recorded in the literature. 
Most of the authors present their cases as examples of two primary 
growths, and the evidence that was presented to prove that one of the 
tumors was not metastatic varied in individual cases. In all but 1 of 
the recorded cases, the tumors were “hypernephroid’”’ carcinomas or 
Grawitz tumors; the exception was a case of bilateral papillary car- 
cinoma of the renal pelves. The patient was a man, aged 73 years, 
who complained of hematuria, loss of weight and a mass in his right 
loin. Intravenous urography and retrograde pyelography showed some 
abnormality of both renal pelves. He lost weight rapidly and died 
ten months after the onset of symptoms. At autopsy, bilateral renal 
neoplasms were found. Several small nodules on the parietal pleura, 
which subsequently proved to be secondary hypernephroma deposits, 
were the only evidence of generalized metastasis. 

Bothe * discussed the relationship of epithelial buds to carcinoma 
of the pelvis of the kidney, ureter and bladder. His original work 
included a routine study of the ureters at 54 consecutive autopsies and 
a study of 12 surgical specimens. The postmortem material revealed 
epithelial cell nests in 38 cases. These observations are in favor of 
Brunn’s ideas concerning development of cell nests. This study indi- 
cates that these cell nests may be the result of developmental inclusions 
or that they may be secondary to mucous membrane crypts. That all 
these pathologic changes may be due to underlying inflammation is 
readily possible. Many of the patients from whom the necropsy material 


3. Hanley, H. G.: Bilateral Renal Carcinoma, Brit. J. Surg. 32:399-402 
(Jan.) 1945. 

4. Bothe, A. E.: The Relationship of Epithelial Buds to Carcinoma of Pelvis 
of the Kidney, Ureter and Bladder, J. Urol. 53:451-458 (March) 1945. 
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was obtained died of carcinoma of other tissues. However, in no case 
did the author find any neoplastic change associated with the buds or 
cell nests. 

Study of the surgical specimens disclosed 4 papillary carcinomas 
of the renal pelvis, 7 of the ureter and 1 of the bladder. The tissues 
distant and adjacent to the primary carcinoma were studied. They did 
not appear malignant or pathologic. This study revealed subcutaneous 
hyperemia with mild or associated round cell infiltration. In some 
areas this condition was associated with digitation of the epithelial cells 
into the subepithelial supporting tissue. 

Sothe’s study and the studies of other investigators have proved 
that epithelial buds are not uncommon in the renal pelvis, ureters and 
bladder. The tendency of multiplicity of tumors of the bladder and 
ureters is accepted. The accumulated evidence in favor of carcinogens 
has become exceedingly important, although most of the carcinogens 
are still in the experimental stage. 

Sothe’s study of the postmortem material and the surgical specimens 
has shown that epithelial buds are present with and without associated 
carcinoma of the renal pelvis, ureters and bladder. Although these 
buds can be identified as transitional cell types, they are not maturely 
developed. They are incompletely differentiated. Since a systemic 
chemical basis for carcinoma is not without stimulating evidence, it 
seems that the immature buds may be the tissue susceptible to activation. 

If this hypothesis be true (granted it is not proved), how may 
these cell buds be rendered inactive or unsusceptible? An approach 
may be by the roentgen rays. In support of this possibility, Bothe 
reported 4 cases. The patients were first seen in 1936. They had 
low grade, small multiple papillomas of the bladder. Two patients were 
treated by roentgen therapy. This therapy established no appreciable 
change in the gross appearance of the tumors. They were subsequently 
destroyed by transurethral desiccation. The follow-up study of these 
patients has never revealed any evidence of recurrence. The other 
2 patients, with a similar type of vesical papilloma, were treated by 
transurethral desiccation alone. These patients up to the present time 
have had repeated recurrences. If the recurrences were due to sus- 
ceptible epithelium or susceptible epithelial nests, it may be assumed 
on hypothetic grounds that the roentgen therapy established changes 
in this epithelium which rendered the tissue less susceptible to car- 
cinogenic irritation. 


Lubash * reported 33 cases of renal tumor. Hypernephroma, which * 


was the commonest type, occurred in 22 cases (65 per cent). Ten of 


5. Lubash, S.: Renal Tumors Simulating Gastrointestinal Disease, New 
York State J. Med. 45:45-51 (Jan. 1) 1945. 
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: the patients had gastrointestinal symptoms only, while 12 had hematuria 
as the first symptom. There were 3 cases of renal carcinoma. Gastro- 
intestinal symptoms were present in all these cases. Operation was 
done in 1 of these cases because of suspected ovarian cyst or peduncu- 
lated fibroid; in the other 2 cases it was done for a suspected malig- 
nant lesion of the intestinal tract. The renal carcinoma was found 
at operation in each case. There was 1 case of lipoma of the kidney 
and 1 of a tumor of unknown type. Gastrointestinal symptoms were 
present in both of these cases. In the latter case, the tumor -was 
retroperitoneal. The tumor sac was marsupialized, and deep roentgen 
therapy was employed. This resulted in pronounced regression of 
the tumor and relieved the symptoms. There were 6 cases of tumor 
of the renal pelvis; in all these cases the symptoms were urologic. The 
most frequent symptom was hematuria. There were no symptoms refer- 
able to the intestinal tract. Four of these tumors were carcinomas, 
and two were benign fibroepitheliomas. Nephrectomy was done in 
5 cases; 1 patient died in uremic coma before operation was attempted. 
This type of tumor can be diagnosed early only if pyelography is done 
during a period when there is no bleeding and repeated if a filling defect, 
however small, is found. If such a defect is found on the second 
examination, operation should be done promptly. 


Calculi—Leadbetter and Engster ® considered the problem of renal 
lithiasis in convalescent patients. 


The exact cause of renal calculi under the conditions of immobiliza- 





tion is unknown; this also is true of calculi in general. Certain facts 
are known, however, concerning altered metabolic processes which may 
be presumed to be of major importance. Perhaps the primary factor 
is mobilization of calcium and phosphorus from the bones, with result- 
ing increase in the urinary excretion of these elements. The degree 
of immobilization as well as the presence of injury or disease of bone 
bears a direct relation to the mobilization of calcium and phosphorus 
and thus to their increased elimination by the kidneys. Other possible 
factors are low or irregular fluid intake, resulting in concentrated urine 
and diminished frequency and forcefulness of pelvic and ureteral peri- 
stalsis; a tendency toward excretion of an alkaline urine with heavy 
sediment, the state of dependency of the renal pelves by virtue of their 
position When the patient lies flat on his back for long periods; minor 
degrees of obstruction at the ureteropelvic junction, which in ordinary 
circumstances do not exert enough influence to be recognized, and, 
finally, the absence of movement and pressure changes in the kidneys 


6. Leadbetter, W. F., and Engster, H. C.: The Problem of Renal Lithiasis 
in Convalescent Patients, J. Urol. 53:269-281 (Feb.) 1945. 
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incident to prolonged inactivity, which might otherwise aid in the 
passage of small nuclei of crystals and sediment. 

Unless infection occurs, renal calculi which form in bedridden patients 
are likely to remain unrecognized until activity is again resumed. For 
this reason, save when the period of inactivity is relatively short, calculi 
are usually large and call for surgical treatment. 

Leadbetter and Engster have encountered 14 patients with renal and 
ureteral colic or suspected renal calculi who gave no history of previous 
passage of calculi, hematuria or renal colic. It is assumed that the 
development of gravel or calculi in these patients took place during 
hospitalization. 

Hospitalization was required because of injuries or wounds in 12 of 
the 14 cases. Four patients had flesh wounds only, but all were severely 
wounded. Eight patients had, in addition to extensive wounds of the 
soft tissues, injuries of bones of varying severity. 

The time between injury and onset of urinary symptoms varied from 
eight to one hundred and sixty-four days; the average was 70.8 days. 

Five patients had bilateral ureteral colic during the period of 
observation. 

Roentgenographic studies were made in all but 3 cases. In only 
3 instances were definite calcified opacities demonstrated. .In 2 other 
cases, a questionable shadow was noted in the region of the lower part 
of the ureter. 

Obstruction which could be dignified by the term “calculus” actually 
was demonstrated in only 4+ of the 14 cases. It will be noted that the 
obstructing masses usually were loose aggregations of crystals or masses 
of amorphous material. 

Adequate amounts of fluid during the whole period of immobiliza- 
tion are essential for prevention of stones, but the critical period shortly 
after injury requires special attention. A fluid intake of 3 to 4 liters 
is a minimal requirement. Furthermore, it is desirable to administer 
fluids as nearly as possible in an around the clock fashion rather than 
to give large amounts of fluid during the day and none at night. Fruit 
juices, which are frequently given, tend to produce an alkaline urine, 
which is undesirable. 

Another and equally important detail undoubtedly is the frequent 
turning of patients from side to side and from back to front. Patients 
in body casts or with injuries of the spinal cord should be turned every 
two or three hours. If possible, the head and upper portion of the 
body should be elevated for periods each day to assist in emptying the 
renal pelves. Leadbetter and Engster have followed such a regimen in 
the treatment of injury of the spinal cord and have not as yet been 
called on to treat any complications of the upper part of the urinary tract 
in 60 to 70 patients. 
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Since many patients excrete an alkaline urine, the question of acidi- 
fication of urine must be considered. It is believed that acidifying drugs 
should not be given early after injury, since they tend to increase the 
mobilization of calcium and phosphorus from bones. Instead, large 
amounts of fluid should be given in order to maintain as dilute a urine 
as possible. 

Later, in certain cases, soft calculi may be dissolved either by main- 
taining an acid urine by oral administration of acidifying drugs or by 
the use of Solution G (a solution of citric acid, magnesium oxide and 
sodium carbonate of py +) within the renal pelves. Since, in general, 
the calculi have a loose structure, they should respond to such methods 
of treatment in many instances. 

Shorr * called attention to the usefulness of estrogens and aluminum 
hydroxide gels of the Amphojel type as adjuvant measures in the 
management of nephrolithiasis in which the stone is composed of calcium 
phosphate or carbonate, magnesium phosphate, magnesium ammonium 
phosphate or calcium magnesium ammonium phosphate. Estrogens, by 
increasing urinary excretion of citrate, reduce the concentration of 
the calcium ions participating in the precipitation of calcium phosphate. 
They are replaced by a weakly ionized soluble calcium citrate complex. 
Amphojel, by diverting excretion of phosphate from the urinary to the 
intestinal tract, reduces the number of phosphate ions participating in 
the same reaction. A combination of these two measures should provide 
considerable protection against precipitation of calcium phosphate, even 
at alkaline ranges of urinary py, and in the acid range should lead to 
appreciable undersaturation with respect to calcium and phosphate ions. 

The details have been given for the most advantageous utilization of 
estrogens and Amphojel in the management of renal stones; however, 
too brief a clinical trial has been made to permit conclusions as to the 
actual effectiveness of these measures in the prevention of recurrences 


or of further growth of the calculi. 


H ydronephrosis —Gibson * reviewed hydronephrosis due to obstruc- 
tion at the ureteropelvic junction and described the three general types 
of obstruction and the principal methods of pyeloplasty in current use. 

Experience with pyeloplastic repair suggests the possibility of elim- 
inating the elaborate plastic operations and the delicate suturing they 
entail in favor of the simpler method. The value of pyeloureteral splint- 
ing and intubation in selected cases was reemphasized as an insurance 
against failure. It is even possible that these procedures may super- 


7. Shorr, E.: The Possible Usefulness of Estrogens and Aluminum Hydrox- 
ide Gels in the Management of Renal Stone, J. Urol. 53:507-520 (April) 1945. 

8. Gibson, T. E.: Hydronephrosis, Surg., Gynec. & Obst. 80:485-496, (May) 
1945. 
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sede to a large extent plastic operations on the ureter and ureteropelvic 
junction. At the present time, pyeloplasty and ureteral splinting or 
intubation are effective when used conjointly. Future experience will 
determine the relative roles as well as the comparative merits of the 
various methods of pyeloplasty. 

Cystic Disease —Lowsley and Cuttis ® stated that the term “solitary” 
renal cyst is erroneous and should be replaced by the term “simple’’ 
renal cyst. 

Satisfactory results will be obtained in the great majority of cases 
of simple renal cyst by resection of the free portion of the wall of the 
cyst, subsequent phenolization of the base of the cyst and closure of 
the resultant defect with a fat pad and chromic ribbon gut. Nephrectomy 
is indicated in only a small percentage of cases. 

A malignant lesion should be strongly suspected in all cases in 
which renal cysts contain hemorrhagic material, and unless a malignant 
lesion can be definitely ruled out nephrectomy should be done, as 
approximately 25 per cent of hemorrhagic cysts have been found to 
be malignant. 

Polycystic renal disease is a congenital, probably always bilateral, 
and progressive ‘pathologic entity. Operation for this condition is 
limited to the complications arising from it. Much can be done in 
prolonging and making comfortable the lives of p4tients with poly- 
cystic disease by the employment of a’ judicious medical regimen. 
Nephrectomy should be done only as a life-saving measure in cases of 
polycystic kidney. 

Renal operation is indicated for the great majority of patients with 
echinococcus cysts of the kidney. At operation, great care must be 
exercised in preventing spillage of the cystic contents, since severe ana- 
phylaxis, which is often fatal, may result or parasites may be implanted 
in the contaminated tissues. 

Braasch,’® in discussing cystic disease of the kidney, called attention 
to the desirability of using the term “simple cyst” rather than “solitary 
cyst.” There may be one large simple cyst present in the kidney, but 
other smaller cysts usually accompany it and often they occur in both 
kidneys. The term “solitary cyst,’ therefore, is a misnomer in most 
cases. Multiple large simple cysts are frequently found in the kidney. 
These cysts may cause urographic deformity which is suggestive of 
polycystic disease, and they have also been so regarded on surgical 
exploration. In reviewing the surgical records of patients with simple 
renal cysts observed during the last five years at Mayo Clinic, Braasch 


‘ 


9. Lowsley, O. S., and Curtis, M. S.: The Surgical Aspects of Cystic Dis- 
ease of the Kidney, J.A.M.A. 127:1112-1119 (April 28) 1945. 


10. Braasch, W. F., in discussion on Lowsley and Curtis,® p. 1119. 
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said that in 20 per cent of the cases multiple renal cysts of appreciable 
size were found at operation. In the early days of urography, it was 
thought that the presence of simple renal cysts could always be recog- 
nized by the crescentic outline and the other well known deformities 
of the calices and renal pelves that usually accompany renal cysts. 

Surgical exploration is necessary in practically every case, since the 
possibility of renal neoplasm must be excluded. Aspiration of renal 
cysts is not a good surgical procedure, and it often is unsatisfactory. 
Surgical exploration is preferable except in a few cases in which the 
patients are elderly or are gravely ill. In regard to polycystic kidney, 
although the ,diagnosis is usually made without too great difficulty on 
the basis of the clinical and urographic data, the lesion is often over- 
looked. Not infrequently only one kidney is enlarged on examination 
and the other cannot be felt. Urography may show a deformity in 
the enlarged kidney which is suggestive of polycystic disease, but the 
other one may have little or no deformity and its function may be 
normal. It would be easy to infer from this that one is dealing with a uni- 
lateral renal condition, possibly neoplasm or one or more simple cysts. 

Many complications may occur with renal polycystic disease. The 
Rovsing operation for polycystic disease would seem theoretically to be 
a logical procedure. Every now and then some one reports 2 or 3 
cases in which this method of treatment has been employed. However, 
several of the patients on whom this operation was performed did not 
have very satisfactory results. In 2 cases postoperative complications 
occurred and necessitated nephrectomy. The patients observed in the 
other cases did not seem to be greatly benefited by the operation. 

Livermore,'' in discussing cystic disease of the kidney, stated that 
solitary cysts of the kidney usually occur at the lower or the upper 
pole. He observed a case in which the cyst covered the whole anterior 
surface of the kidney. It was firmly attached to the kidney. He dis- 
sected as much of the sac as possible and then treated the remainder 
with an escharotic solution. Livermore has always been of the opinion 
that polycystic kidneys should not be operated on unless some defiyite 
reason calls for the operation, such as repeated hemorrhage, infection 
or stone. He performed operations in a number of these cases for 
hemorrhage or infection because the hemorrhage had been so severe 
that the patients were anemic. In such cases, the patient is helped by 
the breaking up of as many cysts as possible and the ligation of all 
bleeding points. 


Trauma.—Sargent,’* in discussing injuries of the kidney, stated 
that every patient who has received serious body injury should be made 


11. Livermore, G. R., in discussion on Lowsley and Curtis,9 ‘p. 1119. 
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to void or be catheterized as one of the first steps in the examinatioti. 
Until this procedure becomes routine, recognition of injuries of the 
urinary tract will continue to be delayed fateful hours or even days, 
and the mortality will continue to be appalling. 

Gross hematuria in cases of accident demands prompt investigation. 
Many times it proves to be of no special consequence, but often it 
bespeaks injury of the first magnitude. 

Excretory urography can be useful as a preliminary procedure in 
cases in which an injury of a kidney is suspected. Retrograde pyelog- 
raphy, however, gives consistent, dependable help in determining the 
true extent of injury. 1 ‘ 

Most injuries of the kidney should be left alone. With the renal 
pelvis reasonably intact, even though substantial fracture of the paren- 
chyma has occurred, one does not expect to meet alarming hemorrhage, 
and with persistent indifference on the surgeon’s part one is likely 
to see the patient soon recovered. If, on the other hand, the contour 
of the renal pelvis is altered beyond recognition, there can be no hope 
whatever for that kidney and but little for the patient unless a nephrec- 
tomy is done. 

Renal Glycosuria.—Brush ** stated that renal glycosuria is a compli- 
cation of advancing age and is found particularly in persons who have 
had some type of obstructive uropathy. 

Glycosuria may be constant or intermittent, is usually mild and is 
never associated with hyperglycenia. Diagnosis is made from the 
family history, the finding of glucose in the urine and strictly normal 
blood sugar and glucose tolerance tests. Routine reexamination is 
essential to rule out diabetes mellitus. Treatment includes a normal 
balanced diet, with slight restriction of carbohydrates. Diabetic man- 
agement of this entity is dangerous to health and life. Permanently 
diminished renal function due to prolonged obstructive uropathy may 
cause a persistently lowered renal threshold. Reduced ability ‘of the 
tubules to reabsorb is accompanied with a higher glucose clearance and 
establishes the relationship between urinary stasis and renal glycosuria. 


URETERS 


Anomalies——Bacon ** reported 3 cases of ectopic termination of 
supernumerary ureters. In each case, the lesion was diagnosed before 


12. Sargent, J. C.: Injuries of the Kidney, J. Urol. 53:381-386 (Feb.) 1945. 

13. Brush, F. H.: Renal Glycosuria: President’s Address, J. Urol. 53:362- 
364 (Feb.) 1945. 

14. Bacon, S. K.: Pathologic Lesions Associated with Ectopic Termination 
of Supernumerary Ureters: Report of Three Cases, J. Urol. 58:402-407 (Feb.) 
1945. 
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urologic operation was performed. Aberrant ureteral endings pre- 
dominate in cases in which the patients are female. In the case of 
women, the diagnosis is suggested by the presence of urinary incon- 
tinence which has been present since birth and associated with normal 
micturition. Ureteral catheterization and pyeloureterography of the 
ectopic conduit are the most conclusive diagnostic procedures. Hemi- 
nephrectomy is the method of choice to effect a cure. Nephrectomy is 
indicated when the vascular system is unfavorable for partial resection 
of renal substance, when the ectopic ureter drains a normal kidney and 
when the caudal segment or its ureter is diseased or remarkably 
anomalous. 


Calcult.—Councill ** reported 504 cases of ureteral calculi of the 
type which could be removed from the ureter by means of his ureteral 
dilator and stone extractor. 

In this series, three hundred and sixty-four stones were success- 
fully removed from all parts of the ureteral tract. There were fifty- 
seven in the upper, eighty-six in the middle and three hundred and 
sixty-one in the lower third of the ureter. Of this number, twenty-six 
were removed from the upper, sixty-seven from the middle and two 
hundred and seventy-one from the lower third. Councill was unable 
to pass the extractor beyond the stone in 12.9 per cent of the cases, 
but in 84.8 per cent of those cases in which he was able to pass it 
beyond the stone it was possible to remove the stone. After manipula- 
tion, 9.2 per cent of the stones were passed spontaneously in one to 
fifteen days, and 6 per cent never were passed. 

Councill said that all ureteral stones should be given a chance to 
pass spontaneously; it is his custom to wait ten to thirty days before 
admitting the patients to the hospital for extraction of the stone. During 
the interim, the ureter should be dilated from time to time and Trasentin 
(diphenylacetyl diethylaminoethanol hydrochloride) and Depropanex 
should be administered for their antispasmodic effect. Codeine and 
acetylsalicylic acid should be given for pain, and one of the sulfonamide 
drugs should be administered if infection is present. Fluids should be 
forced at all times. 

The period of hospitalization depends on the severity of the symp- 
toms. Councill found that the preoperative treatment required one to 
thirty days, with an average of ten days, while the postoperative treat- 
ment required one to six, with an average of three days. 

Complications occurred in 2 per cent of the cases. Reflex anuria 
occurred in 1 case and lasted for forty-eight hours; phlebitis occurred 


15. Councill, W. A.: The Treatment of Ureteral Calculi: A Report of Five 
Hundred and Four Cases in Which the Councill Stone Extractor and Dilator Was 
Used, J. Urol. 53:534-538 (April) 1945. 
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in 2 cases; infection of the blood stream occurred in 2 cases, and rup- 
ture of the ureter occurred in 3 cases. In 1 of the cases of infection 
of the blood stream the patient recovered; in the other case the patient 
died of a cerebral abscess. In 2 of the cases in which there was a 
rupture of the ureter, operation saved the patients; in the third case, 
the patient died of respiratory failure following spinal anesthesia. 

The preoperative treatment consists in the use of ureteral dilation 
after retrograde and intravenous pyelograms have been made. It is 
necessary to know the site of the stone and the size of the tract above 
and below the stone. ‘The site may be determined not only by pye- 
lography but more successfully by the teleprobe. This is a hyper- 
sensitive electric instrument which by variations in amplitude of sound 
registers the presence of a stone in the ureter on contact. The sound 
and graph obtained depend on the fixation, size and density of the 
stone. It is well to remember that the size of the stone must reason- 
ably approximate the size of the tract through which it is to be removed. 
No stone should be extracted until the tract below has been thoroughly 
dilated. The size of the tract below the stone, not the size of the stone, 
is the index for extraction. 

The patient is prepared in the usual manner for cystoscopy. Pento- 
thal sodium, gas or ether or spinal anesthesia is employed. Councill 
said that spinal anesthesia is the best choice because of the ureteral 
relaxation that it affords. Pentothal sodium, gas and ether do not 
give ureteral relaxation, and spasm of the ureter may be encountered 
during the act of extraction. This is not the rule with spinal anesthesia. 
A direct observation cystoscope only should be used, and Councill’s 
choice is a 24 F. McCarthy Panendoscope. The extractor is passed 
through the McCarthy cystoscope, and the filiform is inserted into the 
ureter. The convexity of the wire basket should lie in a posterior lateral 
position. The basket should never be rotated inside the ureter. This 
can be done with the basket between the ureteral orifice and the beak 
of the panendoscope, under direct vision. Rotation is always to the 
right to avoid unscrewing of the filiform. As the instrument ascends 
the ureter, it should always be dilated slowly, never quickly. After the 
basket passes the stone, it should be opened and then withdrawn until 
the stone becomes engaged. The ureter above the stone is always 
dilated, which makes it possible to open and withdraw the basket with 
perfect safety while engaging the stone. After the stone is engaged, 
the basket is opened and closed several times to insure a snug fit. The 
extractor is withdrawn with the basket closed, and it is kept under 
vision as it emerges from the ureter. If the stone is not seen in the 
basket, the operation should be repeated but never more than three 


or four times. If one stops the operation at this point, the stone will 
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usually pass in twenty-four to forty-eight hours. Occasionally during 
the extraction spasm occurs or the stone becomes partially engaged and 
prevents easy withdrawal. If this happens, the ureter is dilated grad- 
ually and then the extractor is withdrawn. Force should never be used 
and one should not hesitate to leave the extractor in place for twenty- 
four hours, after which it can be easily withdrawn, with the stone 
enmeshed in the basket. After the stone has been removed from the 
ureter, a no. 9 ureteral catheter should be passed immediately to the 
renal pelvis and left in place. 

The ureteral catheter is left in place for twenty-four to seventy-two 
hours, depending on trauma and color of the urine. The renal pelvis 
is irrigated every six hours with 0.5 per cent solution of merbromin. 

The higher the stone is in the ureter, the greater the possibility for 
trauma. For this reason, Councill stated the belief that stones should 
be removed only from the lower third of the ureter. The secret of 
the ‘whole procedure depends on gentleness. One should dilate not 
quickly but slowly; force should never be used, nor should one exert 
more than a reasonable pull during the extraction. All stones should 
bear a like ratio to the tract through which they are to be removed. 
Success depends on four factors: site of the stone, size of the stone, 
size of the tract above and below the stone and ability to pass the 
extractor beyond the stone. 

Ureterostomy.—Huggins and Scott '® considered cutaneous ureteros- 
tomy. A new method of unilateral ureterostomy with ligation of the 
opposite ureter was described, with its proposed advantages. The 
operation entails little risk. There were no operative deaths in the 
series of 9 cases in which this procedure was employed. Seven of 
the patients subsequently underwent total cystectomy. 

A Foley balloon catheter is inserted through the ureter into the 
renal pelvis for collection of urine. This is free of leaks and does away 
with the devices necessary when a plain catheter is used. Ligation 
of the ureter of a normal kidney is not accompanied with renal colic, 
and the patients do not complain of pain. There were no signs of an 
acute inflammation of the kidney following ureteral ligation in this 
series of cases, although some of the patients had grossly infected urine, 
purulent in nature. After this series of cases was observed, however, 
the authors observed another case, in which renal infection developed 
although the ureteral urine was sterile. The kidney had to be removed. 
The absence of febrile response may be associated with chronic infec- 
tion in which renal immunity was established. 


16. Huggins, C., and Scott, W. W.: Cutaneous Ureterostomy with Contra- 
Lateral Ureteral Ligation, J. Urol. 53:325-338 (Feb.) 1945. 
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Mathe ** stated that ureterocutaneous anastomosis is especially indi- 
cated in cases in which the bladder has been damaged irreparably by 
incurable disease and obstruction and infection of kidneys and ureters 
have resulted. ‘The operation is simple, rapid and benign and is par- 
ticularly suitable for debilitated patients. 

Patients who tolerate retention catheters appear to have fewer com- 
plications. Careful selection of patients, frequent reexamination and 
adequate after-care are necessary for a successful outcome. Under 
these conditions, the urinary function is satisfactory, infection is con 
trolled and life is prolonged. 

Late results in 2 previously reported cases were given. In the first 
case the patient is free of tuberculosis sixteen years after ureterocu 
taneous anastomosis was performed for intolerable tuberculous cystitis 
which persisted after nephrectomy. He leads a satisfactory life with 
an indwelling catheter and works hard. ‘The second patient, who is 
intolerant to an indwelling ureteral catheter, has had several septic 
episodes, which have responded promptly to treatment. She is now 
in good health and at work, twenty-three years after ureterostomy was 
performed. 


Denervation.—Castro '* carried out experiments on 22 dogs to dis- 
cover what dynamic and morphologic changes occur in the ureter after 
sympathectomy and after crushing of the ureter. His results, which 
were given in detail, led him to take sharp issue with the classic writers 
(especially Caporale, Blatt and Marion) who claimed that destruction 
of the adventitia of a cylindric segment of the uterer 1 cm. in extent 
results inevitably in a dilatation of the excretory urinary passages above 
the segment. He demonstrated that such dilatation, when it does occur 
after sympathectomy or after crushing with forceps, cannot be attributed 
to the simple extirpation of the adventitia or to crushing, since ureteritis 
and periureteritis are constantly encountered in these cases. He also 
observed that, notwithstanding the presence of ureteritis and periure- 
teritis in ureters that had been denervated or crushed with forceps, 
the ureter failed to appear dilated above the point of trauma in 66 per 
cent of cases, even when such trauma was gross and was repeated. 
One of the characteristics of the periureteritis was that it occurred less 
than ten days after operation. 

Dilatation below the point of such intervention or crushing has not 


been recorded by any aythor, yet this phenomenon was observed by 


17. Mathé, C. P.: Ureterocutaneous Anastomosis: Late Results in Two 


Previously Reported Cases, J. Urol. 58:397-401 (Feb.) 1945. 
18. Perez Castro, E.: Dynamic and Morphologic Changes in the Ureter Fol- 


lowing Periureteral Sympathectomy, Arch. espafi. de urol. 1:1 and 36-65 (July) 
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Castro with extreme frequency and was interpreted by him as an anti- 
peristaltic reaction due to the irritative character of the ureteral inter- 
vention. 

The ureter, which is an organ of complex motility, possesses com- 
pensatory mechanisms, which enable it when it is caught in a suture 
or crushed to overcome the difficult conditions thus created and to remain 
permeable. The destruction of the suture in transverse sections of the 
ureter should not be attributed to interruption of the adventitia, as a 
number of authors hold, but rather to its imperfection, which allows 
urine to escape and to infiltrate the periureteral tissues, thus causing 
in them an intense reaction. 

Castro’s experiments, therefore, fully justify a more optimistic view 
than that of Caporale, Blatt and Marion, who condemned offhand any 
attempt at a suture in transverse sections of the ureter. His demon- 
stration that the inclusion of a ureter in a suture has no importance 
and does not by any means signify the loss of a kidney has great 
practical interest for the surgeons who in certain operations (hysterec- 
tomy) dread the danger of accidentally including a ureter in a suture 
through failure to recognize it. 


Ureteral Syndromes.—lLeDuc ** stated that the presence of ureteral 
disorders in males is commoner than is realized and that they should 
be thought of in any case in which a patient complains of a combina- 
tion of renal or ureteral pain in any of its referred forms and of dis- 
turbances of micturition, particularly frequency and urgency, dependent 
on such pain coming on as the bladder fills. Adults with enuresis 
should be studied for evidence of ureteral disease if any of these symp- 
toms are present. Testicular pain without evidence of local organic 
disease is often due to ureteral disease. Patients with chronic pyuria 
often have ureteral obstruction, on which the continuance of infection 
probably depends. The pain syndromes involving the ureter and the 
site of the referred pain may be likened to mild ureteral colic and prob- 
ably depend on focal irritation of the ureteral wall or of the peri- 
ureteral nerve fibers and ganglions. 

Patients with ureteral syndromes are not suited for military service 
except in occupations which do not require strenuous exertion. 

Treatment of ureteral syndromes requires patience and persistence. 
It should-consist in periodic ureteral dilations, use of antispasmodics 
and eradication of local or focal infection. 

Clinical studies should be carried out to determine the ultimate fate 
of patients with this syndrome, particularly in regard to the develop- 


19. LeDuc, I. E.: Ureteral Syndromes in the Male, J. Urol. 58:295-318 
(Feb.) 1945. 
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ment of infection, and, in cases of urinary infection, to determine 
whether such infection may produce structural ureteral change. 


BLADDER 


Tumors.—Balfour *° stated that endometrioma of the urinary bladder 
was first described as an entity in 1931. Forty-six cases have been 
recorded in the literature since that time. Usually there are other 
endometrial implants, and in 42 of the 46 cases reported pelvic opera- 
tions had been performed or there was an associated pelvic disease. 

The symptoms of the endometrioma may be hematuria, fulness of 
the bladder, pain, dysuria and urinary frequency and urgency. Symp- 
toms may be definitely cyclic, and their appearance may correspond 
to menstruation. If there is a sizable mass in the vesical wall, symp- 
toms attributable to this mass will be almost constant. ‘As in endo- 
metriosis elsewhere, the symptoms will subside with pregnancy and 
with the menopause. Cystoscopic examination will reveal a mass or a 
typical but changing picture of the ulcerated or submutcosal lesion. 
siopsy of this lesion may show the endometrial tissue. 

Successful excision has been carried out in 9 of 10 young women 
whose cases were reported in the literature. In older women, treatment 
may consist in induction of the menopause by irradiation or operation. 

In the past twelve months at Mayo Clinic, 5 cases of endometrioma 
of the bladder have been encountered and treatment given. All 5 
patients had undergone pelvic operations previously or had associated 
pelvic disease, and all the patients had some urinary symptoms. The 
urinary symptoms were severe enough in 3 cases to require cystoscopic 
examination. The cystoscopic examination aided the diagnosis in 2 of 
these cases, and in the third the endometrioma was confused with 
inflammation and carcinoma. It is well to remember that substitutional 
hormonal therapy is not indicated after menopause has been induced 
for this condition. 

Cook,*' in discussing endometrioma of the urinary bladder, stated 
that this condition is not common but undoubtedly occurs oftener than 
is usually believed. Almost any condition involving the bladder may 
cause symptoms which are similar in character. These are dysuria, 
urinary frequency and urgency, a sense of pressure in the lower part 
of the abdomen and occasionally hematuria. Consequently, further 
efforts must be made to obtain information which suggests the presence 
of endometriosis of the bladder. As Balfour pointed out, the cyclic 
character of the basic symptoms should indicate the presence of this 


20. Balfour, D. C., Jr.: Endometrioma of the Urinary Bladder: Report of 
Five Cases, Proc. Staff Meet., Mayo Clin. 20:129-131 (May 2) 1945. 
21. Cook, E. N., in discussion on Balfour,?° p. 132. 
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condition. However, the symptoms will not always bear a relation- 
ship to the menstrual period but frequently will. Even in cases in which 
symptoms are present almost continuously, they are usually severer 
during the menses. Another point of interest is the age of the patients. 
The condition has been observed in a woman of 18 years and also in 
one of 46 years. However, the average age of the patients in the 
reported cases is 39 years, and the majority of the patients are between 
35 and 40 years. If any of the patients who are suspected of having 
endometriosis of the bladder have been pregnant, it is well to inquire 
concerning their symptoms during this period. In most instances, the 
lesions. will disappear at this time and the patient will have none of 
the usual symptoms. After delivery, the symptoms return with the 
menstrual cycle. 

The cystoscopic picture in endometriosis of the bladder is of interest. 
At times the lesion has suggested only cystitis and has been incorrectly 
diagnosed as such. The cystoscopic picture in the 5 cases reported 
by Balfour has not had any definite characteristics. A gross lesion 
which appears to be submucosal and at times ulcerated has been noted. 
The usual site isin the base of the bladder, but it also has been found 
in the dome and on the lateral walls. The confusion of this condition 
with carcinoma is frequent, and many times biopsy and repeated cysto- 
scopic examination will be required, together with a careful evaluation 
of the history, in order to arrive at the correct diagnosis. Cystoscopic 
examination at intervals is valuable because of the possibility that 
variations in the lesion and its relation to the menstrual cycle may be 
noted. In the intermenstrual period, it will appear as a much more 
benign lesion than it does during the menses. The cystoscopic picture 
also will vary if the patient has had roentgen therapy or is pregnant or 
if hormonal substitution therapy has been used. Biopsy must not be 
considered diagnostic unless the conditions observed are positive, for 
it has been possible to demonstrate endometriosis by biopsy in only 
about a third of the cases. This is probably due to the fact that when 
the specimen is removed for diagnosis only the superficial tissue is 
removed and the deeper structure which contains the endometrial glands 
is not disturbed. 

Ferris ** stated that in order to determine the treatment of choice 
for endometrioma of the urinary bladder the age and general condition 
of the patient, the severity of symptoms and the associated pelvic 
lesions must be considered. If the endometrioma involves only the 
bladder, local excision of the endometrioma should be considered first 
for those women who are not near the menopause. For women who 
are near the menopause, roentgen therapy directed at the ovaries should 


22. Ferris, D. O., in discussion on Balfour,2® p. 133. 
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be considered. li, however, the symptoms are minimal, the patient 
can await the menopause for relief. 

In most cases, however, pathologic changes are present in the repro- 
ductive organs in addition to the endometrioma of the bladder. For 
the younger women of this group, local excision of all the abnormally 
placed endometrial tissue and the diseased pelvic organs should be 
attempted, with conservation of some ovarian tissue if possible. For 
women who are approaching the menopause and whose pelvic condi- 
tions do not require operation, a menopausal dose of roentgen therapy 
is indicated. If, however, laparotomy is necessary and the ovaries are 
removed, it is then unnecessary to remove the endometrioma of the 
bladder. If ovarian tissue is left, then segmental resection of the 
endometrioma of the bladder is necessary. Endometrioma of the blad- 
der, however, is at times so situated that excision is impossible or 
extremely difficult and castration is definitely the treatment of choice. 
As in the treatment of endometriosis in general, there are many factors 
to consider. In all cases, careful gynecologic examination and the 
opinion of a competent gynecologist are essential. 

Kretschmer ** stated that the involvement of the urinary tract by 
endometriosis is uncommon. The bladder, being in close proximity 
to the pelvic organs, may be affected. Although vesical endometriosis 
is rare, it occurs frequently enough that the urologist should be familiar 
with this pathologic condition and with the fact that the bladder may 
become involved. 

Kretschmer reported a case of a 32 year old woman who had been 
having attacks of hematuria for a year. Cystoscopy revealed a bluish 
area on the posterior wall of the bladder. The bladder was opened, 
and a hard retracted area, of a bluish color and involving the vesical 
wall, was found. The peritoneum was opened, and the preoperative 
diagnosis of endometriosis was verified. A panhysterectomy was done. 
This confirmed the diagnosis. 

The incidence of vesical endometriosis is fairly low. Smith reported 
that in 2 of 159 cases of endometrioma the lesion involved the bladder. 
Keene and Kimbrough, in 118 cases of endometriosis, found 2 cases 
of involvement of the bladder. Seitz observed 3 cases of vesical endo- 
metriosis among 65 cases of endometriosis. Masson reported 576 cases 
of adenomyoma in which operation was performed at Mayo Clinic; the 
total number of organs involved was six hundred and eighty-nine. In 
2 of these cases, the bladder was involved. Holmes found 2 cases of 
endometrioma of the bladder among 145 cases of endometriosis. 


23. Kretschmer, H. L.: Endometriosis of the Bladder, J. Urol. 53:459-465 
(March) 1945. 
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The occurrence of endometriosis of the urinary bladder is not con- 
fined to any particular age group. In the reported cases, the youngest 
patient was 18 years and the oldest was 48 years. 

Hematuria when present during the menses is almost pathognomonic 
of endometriosis, especially in the presence of urinary frequency, dysuria 
and vesical irritability, together with a pelvic mass. Pain may be 
present in the pelvis or in the lower part of the back. 

As endometriosis is frequently confused with other vesical lesions, 
particularly malignant tumors, cystoscopic observations are diagnostic 
in most cases if this condition is borne in mind when the patient gives 
a history of cyclic symptoms. In cases of endometriosis of the urinary 
bladder, the so-called typical picture may not be present. However, a 
slightly elevated tumor with intact mucous membrane and dusky blue 
cystic areas resembling a varix, together with a history of periodic 
attacks of pain, urinary frequency, dysuria and perhaps hematuria during 
menstruation, are characteristic of vesical endometriosis. 

The majority of the histories in the reported cases revealed that 
the patient had had one or more pelvic or abdominal operations before 
the endometriosis of the bladder was discovered. 

The induction of artificial menopause by bilateral oophorectomy 
or irradiation of the ovaries is indicated in cases in which the patients 
are at or near the menopause or if there is massive involvement of the 
bladder which is too extensive for successful complete removal. Thus 
the hormone stimulation necessary for continued growth of heterotopic 
endonietriosis is removed. 

Some authors have resorted to the use of radium. Muller’s patient 
was treated with irradiation and estradiol benzoate was given later 
for menopausal symptoms. When this drug was given in large doses, 
there was subjective and cystoscopic evidence of the endometrioma of 
the bladder; when smaller doses were given, the patient was largely 
relieved of both menopausal and vesical symptoms. If the growth 
involves either ureter, roentgen therapy is preferable. 


Paralysis —Hanlon ** described the treatment of paralysis of the 
bladder which follows injury of the spinal cord. This type of paralysis 
is seen more frequently in military than in civil practice. The manage- 
ment of the bladder is divided into two parts: (1) the immediate care 
that can be rendered near the fighting front and (2) the surgical treat- 
ment which is employed later. 

The author described three methods for the immediate care of 
the bladder: (1) the use of an indwelling urethral catheter, (2) supra- 
pubic cystostomy and (3) noncatheterization and manual expression of 


24. Hanlon, R. E.: Treatment of Urinary Incontinence in Vesical Paralysis, 


J. Urol. 58:572-578 (April) 1945. 

















244 ARCHIVES OF SURGERY 


urine. The advantages and disadvantages of each were pointed out. 
The choice of method will depend on the circumstances, conditions and 
available facilities. 

Intermittent catheterization was mentioned only to be condemned. 
Overdistention and overflow incontinence should be avoided. 

Surgical management is designed to give the patient some degree 
of vesical control and thus do away with the hazards of life with an 
indwelling catheter or the necessity of a permanent suprapubic vesical 
stoma. The operation recommended—presacral sympathectomy—was 
adequately described. 

The importance of proper postoperative management was empha- 
sized. The postoperative regimen must be fully understood by the 
patient, and his cooperation must be elicited in order to obtain lasting 
results. 

The author reported 4 cases of vesical dysfunction in which pre- 
sacral sympathectomy was performed. Although the vesical dysfunc- 
tion was not due to trauma in any of these cases, it was essentially 
similar to the vesical paralysis that follows injury of the spinal cord. 

Calculi—Price ** reported his experience in North China with 
calculi of the bladder and reviewed 126 cases. In 121 of the cases 
the patients were men, and in 5 cases they were women. Seventy- 
four per cent of the patients were between 5 and 15 years of age, and 
only 7 per cent were more than 25 years. In 35 per cent of the cases 
the urinary symptoms began during the first three years of life, and 
in 72 per cent the symptoms began before the age of 7. ' 

Intravesical obstruction was found in only 4 per cent of the cases. 
Three patients had stones which had formed around a foreign body 
in the bladder. There was no evidence from the history, physical exam- 
ination or analysis of the vesical calculi that renal stone had occurred 
in any of these patients or that it had played a part in the pathogenesis 
of the disease. In fact, a renal stone was rarely observed. 

Shantung is a dry region, with extremes of temperature. The 
water is extremely hard. It is noteworthy that the patients were freest 
of symptoms in hot summer months, when consumption of water is 
large but when the urine is likely to be concentrated. 

The seasonal incidence of symptoms suggests a dietary factor in 
the pathogenesis. During the long winters the people, if poor, sub- 
sist chiefly on cereals, vegetable oils and vegetables poor in color. 
Children are commonly weaned after the second or third winter and 
during the next three or four years they are fed largely on cereals, 
especially in winter. Although in summer there is a larger variety of 


25. Price, P. B.: Experience with Calculus of the Bladder in North China, 
Arch. Surg. 50:82-86 (Feb.) 1945. 
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foods available, even for the poor, evidences of vitamin deficiency are 
found commonly in patients of all ages, but especially in children. 
Some of the patients with a vesical stone complained of night blindness. 

In most of the cases of vesical calculi, the disease was far advanced 
and the patients were brought to the hospital as a last resort. The 
duration of symptoms ranged from five days to thirty years; the average 
was five years. A history of attacks with symptom-free intermissions 
was characteristic. 

In an advanced stage of the disease, the symptoms were so typical 
that the diagnosis was rarely in doubt. 

In 30 per cent of cases, the stone or stones could be felt through 
the rectum. The ability to do so usually indicated a large stone fixed 
in position by a contracted bladder, by adhesion to the bladder wall or 
by impaction in the prostatic portion of the urethra. 

Roentgenographic examination rarely failed to provide reliable and 
accurate information regarding the number, size, position and even 
structure of the stones. Two patients had stones which cast no shadows. 
Multiple calculi were not uncommon, but the usual finding was a single 
large calculus. The largest stone encountered was hourglass in shape 
and 9 cm. long and weighed 235 Gm. The patient had had symptoms 
for thirty years. 

Because of the poor physical condition of many of the patients, 
emphasis was laid on unhurried, adequate preoperative care. Rest in 
bed, sedation, use of an indwelling urethral catheter, gentle irrigations 
and instillations, administration of urinary antiseptics by mouth, institu- 
tion of a high caloric diet, treatment of anemia and intestinal parasites, 
correction of fluid and electrolytic balances and general nursing care 
seldom failed to bring about pronounced general improvement. Espe- 
cially important was employment of the indwelling catheter; if prop- 
erly placed, it usually relieved the pain and spasm to a large extent 
and provided for the all-important free drainage of urine. 

Price described minutely his methood of suprapubic lithotomy. 

In 12 cases the bladder was drained suprapubically after removal 
of the stones. Hospitalization averaged sixty days, and an average 
of forty days was required before leakage of urine from the incision 
ceased entirely. All the patients had an uncomfortable, and some of 
them a stormy, convalescence. Two died. 

In 36 cases the bladder was closed without drainage. In these cases 
the patients were in the hospital an average of thirty-one days. In 
70 per cent of the cases the wounds became infected to a greater or less 
extent, and postoperative leakage of urine from the incision occurred 
in 66 per cent of the cases. Healing without leakage or infection 
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occurred in only 22 per cent of the cases. There were no deaths in 
these 36 cases. 

Neither perineal lithotomy nor the crushing operation was employed 
in this series of cases. The former is a destructive procedure, which 
probably should be reserved for stones associated with prostatic dis- 
ease. Litholapaxy was contraindicated in virtually every case because 
of a stricture, a small urethra, an impaction, a large stone, severe 
cystitis, a spastic or contracted bladder or other conditions. 

The operative mortality for the entire series was 1.6 per cent. No 


recurrences were observed. 


( To By C oncluded ) 
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